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PEOPLE AND EVENTS 


NOMINATIONS FOR OFFICERS 
OF THE AMERICAN DAIRY 
SCIENCE ASSOCIATION 


The Nominating Committee of the American 
Dairy Science Association submits the names 
of the following persons for the offices of Vice- 
President and Director: 

For Vice-President, Dr. R. E. 

I. W. RuPEL. 

For Production Director, Dr. P. 

G. H. Wisk. 

For Manufacturing 

TER, Proressor F. J. 


W. M. Roserts, Chairman 
Nominating Committee 


Hopgson, Dr. 


L. Keviy, Dr. 


Director, Dr. S. T. 
DOAN. 


CouL- 


R. EK. Hopgson, born July 20, 1906 at Arena, 
Wis. Address: Animal Husbandry Research 
Division, Agricultural Researeh Service, U. S. 
Department of Agriculture, Beltsville, Md. 
Present position: Director, Animal Husbandry 
Research Division, ARS, USDA. Member A.D. 
S.A. 29 years. 

Education (degrees, dates, and colleges at- 





R. E. Hodgson 


1929; M.S. Kansas 
University of Wis- 


tended): B. S. Wisconsin 
State College 1930; Ph.D. 
consin 1941. 

Academie and Professional Honors: Borden 
Award (Dairy Prod.) 1939; Leader Commission 
Study Dairy Industries of Latin American 
Countries, 1942-43; Superior Service Award, 


USDA, 1947; Chairman, U. 8S. Delegation to 
13th and 14th International Dairy Congress; 


Fellow, American Association for Advancement 
of Seience 1958; Who’s Who 1956; Vice-Presi- 
dent and Chairman, Section on Agriculture, 
American Association for Advancement of 
Science 1959. 

Positions held since graduation: Instr. Dairy 
Husbandry, Kansas State College, 1930; Dairy 
Agent & Asst. Dairy Husbandman, Bur. Dairy 
Ind. USDA Expt. Sta., State College, Washing- 
ton; Dairy Husbandman, West. Wash. Expt. 
Sta., Puyallup. 30-40; Assoe. Dairy Husband- 
man, Bur. Dairy Ind., USDA, ’40-41; Dairy 
Husbandman, ’41-42; Prin. Dairy Husbm. Belts- 
ville, ’43-45; Asst. Chief, Bur. in Charge Re- 
search, Bureau Dairy Industry, Washington, 
D.S., °45-53; Chief Dairy Husbandry Research 
Br. Agr. Research Serv. 53 to 1956; Director, 
Animal Husbandry Research Division, 1956 to 
present. 

Offices and committee memberships held in 
Association: Chairman, International Dairy 
Science Congress Committee 1958-59; Director, 
American Dairy Science Association, 1955-56- 
57; Secretary, Western Section, 1943; Member, 
Policy Committee, 1957-59; Chairman, Journal 
Management Committee, 1954. 


Puiuip L. Kevtiy, born September 13, 1905 
at Hudson, Wis. Address: Dept. of Dairy Hus- 
bandry, University of Nebraska, Lincoln, Neb. 





P. L. Kelly 
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Position: Chairman of Dairy Husbandry De- 
partment. Member A.D.S.A. 20 years. 
Edueation (degrees, dates, and colleges at- 


tended): Northern State Teacher’s College 
1924-25; University of Minnesota 1927-30, B.S. 
Degree; Cornell University 1932-33; University 


of Minnesota 1933-34, 1935-36, Ph.D. Degree. 

Academic and professional honors: Eckles 
Club, Gamma Alpha, Gamma Sigma Delta. 

Positions held sinee graduation: Dairy Ex- 
tension Specialist, University of Minnesota 
1930-32; County Supervisor Rural Resettlement 
Corp. 1934-35; Asst. & Assoe. Professor, Uni- 
versity of Arkansas 1936-45; Head, Dept. of 
Dairying, South Dakota State College, 1945-49; 
Chairman, Dept. of Dairy Husbandry, Univer- 
sity of Nebraska, 1949 to date. 

Offices and committee memberships held in 
in Association: Borden Award Committee, 1950, 
1951, 1952; Seeretary of Production See., 1952; 
Vice-Chairman of Production See., 1953; Pro- 
gram Committee, 1953, 1954, 1955; Chairman 
of Production Section, 1954; Resolutions Com- 
mittee, 1954; Internal Procedures Committee, 
55; Guidance & Conduct of Production Prob- 
lems, Session, 1955, 1956, 1957; Neerology Com- 
mittee, 1958. 


GrEORGE HERMAN Wisk, born July 7, 1908 at 
Saluda County, S. C. Address: 229 Woodburn 
Road, Raleigh, N. C. Position: Head, Animal 
Nutrition Section, Dept. of Animal Industry, 
N. C. State College, Raleigh, N. C. Member 
A.D.S.A. 22 years. 

Edueation (degrees, dates, and colleges at- 


tended) : B.S., 1930, Clemson Agricultural Col- 
lege; M.S., 1932, University of Minnesota; 


Ph.D., 1936, University of Minnesota. 
Academie and professional honors: 


AFMA 


Award 1948; Borden Award in Dairy Produe- 
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tion 1949; William Neal Reynolds Professor; 
Member, American Institute of Nutrition; Mem- 
ber, Phi Kappa Phi; Fellow, American Asso- 
ciation for the Advancement of Science. 

Positions held since graduation: Assoe. Dairy 
Husbandman, Clemson Agricultural College, 
1937-44; Assoe. Professor, Professor in Dairy- 
ing, Kansas State College, 1944-47; Assoc. Pro- 
fessor in Dairy Production, Iowa State College, 
1947-49; Professor and Head of Animal Nutri- 
tion Section, Dept. of Animal Industry, N. C. 
State College, 1949-present. 


Offices and committee memberships held in 


Association: Chairman, Production Section 
ADSA, 1947-48; Chairman, Journal Manage- 
ment Committee ADSA, 1950-51; Associate 


Editor, Journal of Dairy Science, 1947-52; 
Dairy Cattle Health Committee ADSA, 1953- 
56; Chairman, 1955; Committee on Education 
ADSA, 1955-59; Representative of ADSA on 
AAAS Council, 1955-56; Chairman, Poliey 


Committee on Awards, 1952-53. 


Isaac WALKER Rupe, born May 3, 1900 at 
Walkerton, Ind. Address: 305 College View, 
Bryan, Texas. Position: Head, Dept. of Dairy 
Science, The Agr. & Mech. College of Texas, 


College Station, Texas. Member ADSA 30 
years, 
Edueation (degrees, dates, and colleges at- 


tended): B.S. Agriculture, University of Illi- 
nois, 1923; M.S. Animal Husbandry & Genetics, 
University of Wisconsin, 1924; Ph.D. Animal 
& Dairy Husbandry-Nutrition, University of 
Wisconsin, 1932. 

Academie and professional honors: Alpha 
Zeta, Phi Kappa Phi, Phi Sigma, Sigma Xi, 
Fellow, American Assn. for the Advancement 
of Seience; Member Am. Society of Animal 


Production 1930; Member Editorial Board 1951- 





I. W. Rupel 
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NEW 


from Johnson & Johnson 
research 


A new disk from Johnson & 
Johnson Research for use in 
in-a-line filters — engineered 
to meet the requirements of 
today’s modern milking 
techniques. 

Tell your producers with 
in-a-line filters about new 
Rapid-Flo Vaculine—engi- 
neered for safe filtration and 
clean milk production, plus 
the extra benefit of a Rapid- 
Flo Check-up. 





FILTER PRODUCTS DIVISION 


4949 WEST 65TH STREET » CHICAGO 38, ILLINOIS 


Copyright 1959, Johnson & Johnson, Chicago 
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*54; Member Society for Exper. Biol. and Medi- 
cine 10 years. 

Positions held since graduation: Instructor, 
University of Wisconsin, Animal Husbandry 
(Dairy Section) 1924-29; Exchange Professor 
of Agriculture, University of Hawaii, Jan.-June 
1930; Asst. & Assoc. Professor University of 
Wisconsin, Animal & Dairy Husb. 1930-45; 
Prof. & Head, Dairy Science Dept., Texas A 
& M College, 1945 to present. 

Offices and committee memberships held in 
Association: Associate Journal Editor, 1941-51; 
Executive Board Member, 1955-58; Dairy Pro- 
duction Section, See., 1937; Nominating Com- 
mittee, 1947; Curriculum Committee, 1951 and 
1952; Type Classification Committee, 1952-54; 
Education Committee, 1956-57; Committee on 
Graduate Requirements, 1951-53; Resolutions 
Committee, 1952-54; Membership Committee, 
1958-59; Revision of Constitution, 1954. 


SAMUEL Topp Courter, born Sept. 15, 1903, 
at Weiser, Idaho. Address: Department of 
Dairy Husbandry, University of Minnesota, St. 
Paul, Minn. Position: Professor, Dairy Indus- 


try. Member ADSA 30 years. 
Education (degrees, dates, and colleges at- 


tended): B.S. Oregon State College, 1925; M.S. 
University of Minnesota, 1930; Ph.D. University 
of Minnesota, 1933. 

Academie and professional honors: 
Award, 1950. 


Borden 





8. T. Coulter 


OF D. 
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Positions held since graduation: Manager, 
State Experimental Creamery, Albert Lea, 
Minn., 1928-30; Instructor, University of Min- 
nesota, 1930-35; Asst. Prof. 1935-42; Assoc. 
Prof. 1942-45; Professor 1945-present; Direc- 
tor of Research Maple Island Farm, Ine., Still- 
water, Minn., 1945-51; Vice President, 1951- 
present. 

Offices and committee memberships held in 
Association: See., Mfg. Section, 1939-40; Chair- 
nan, Subcommittee on Butter, 1939-40; 1941- 
#2; 1943-44; 1945-46; Chairman, Temporary 
Committee on Reorganization & Records, 1947; 
Chairman, Resolutions Committee, Mfg. See- 
tion, 1953-55; Member, Committee on Measur- 
ing Color of Miik, 1909-.0-41; Member, Reso- 
lutions Committee, 1950, 1953. Member, Bor- 
den Mtg. Award Committee, 1955, 56, 57, 58. 


Francis J. Doan, born September 20, 1896, 
at Philadelphia, Pa.; Address: 711 Holmes 
Street. Position: Professor of Dairy Manufac- 
turing. Member ADSA 34 years. 

Education (degrees, dates, and colleges at- 
tended): B.S. 1922, The Pennsylvania State 
University; M.S. 1928, The Pennsylvania State 
University. 

Academic and professional honors: Borden 
Award in Dairy Manufacturing, 1949; The 
Poor Richard Club Citation, 1950; Sigma Xi, 
Gamma Sigma Delta. 

Positions held since graduation: Plant Chem- 





F. J. Doan 
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The quantity she wants 


The lowest price possible 








Make sure she gets all three—with Duraglas® Multiple Quarts 


Mars. Housewire is assured of all three when 
milk is packaged in Duraglas Multiple Quart 
Containers. 

More and more housewives are demanding 
economical multiple-quart containers—in store 
or for home delivery. 

Ford Sammis & Company’s “National Survey 
of Housewives” proved that glass is preferred 
almost 4 to 1 for home delivery. And for store- 
bought milk this preference has increased 14% 
since 1954. 

Multiple Quarts attract the housewife as a 
better bargain and actually save her money. 


DURAGLAS CONTAINERS 
AN @ PRODUCT 


They save on storage space and are easy to re- 
turn. Demand for this packaging has increased 
to where over 50% of fluid milk is sold in multi- 
ple quarts. 

Because of the high trippage of Duraglas 
Multiple Quart Containers, the saving in con- 
tainer costs (in stores when deposit is obtained) 
may be passed directly to the consumer. Such 
saving makes your product more competitive 
and more attractive to the housewife’s budget. 

For complete information, call your nearby 
Owens-Illinois office, or write to Owens-Illinois, 
Toledo 1, Ohio. 


Owens-ILLInoIs 


GENERAL OFFICES - TOLEDO 1, OHIO 
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IN THE 
DAIRY FIELD 


IODINE 
SANITIZERS 


OFFER ALL THESE 
ADVANTAGES 


A LONG RECORD OF DEPENDABILITY. 
lodine is recognized as a most efficient 
antiseptic and germicide. It is known to be 
effective against a wide range of organ- 
isms. New technology has now resulted in 
more efficient iodine formulations devel- 
oped especially for sanitization. 


EASY TO USE. lodine sanitizers are for- 
mulated especially for treatment of dairy 
utensils and equipment. Leading manufac- 
turers offer iodine sanitizers and detergent- 
sanitizers as liquids, powders or tablets. 


EFFECTIVE. lodine sanitizers are effective 
in low concentrations . . . economical, too. 
They can help you supply better milk. 


EASY TO TEST. The well-known iodine color 
is an indication of solution strength. When 
the color of an iodine sanitizing solution 
begins to disappear, that is a signal to 
replenish or replace the solution. Test kits 
are available. 





Write us for further information and names of 
manufacturers offering iodine sanitizers in your 
area. No obligation, of course. 


CHILEAN IODINE 
EDUCATIONAL BUREAU, 
INC. 


Room 2156 
120 Broadway, New York 5, N. Y. 


OF DAIRY 
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ist, Nestles Food Co., 1919-22; The University 
of Maryland, 1922-25; Examiner for Civil Ser- 
vice Commission, Baltimore, 1924-25; The 
Pennsylvania State University since 1925. 

Offices and committee memberships held in 
Association: Chr. Eastern Section ADSA, 1939; 
Vice Chr. 1933 & 1938, See. 1937; Committee 
on Antibioties in Milk, 1951-55; Committee on 
Methods for Acidity of Dairy Produets, 1951- 
57; Committee on Methods for Curd Tension 
of Milk, 1952-54; Chr. 1939-41; Publie Health 
Research Liaison Committee, 1956-57; Com- 
mittee on Curriculums for Dairy Manutactur- 
ing, 1953-55; Borden Award Selection Commit- 
tee, 1952-56, Chr. 1956; Journal of Dairy 
Science, Editorial Board, 1950-; Journal Man- 
agement Committee, 1958-. 


Nebraska News 


K. M. SHAHANI, associate professor of Dairy 
Husbandry at the University of Nebraska, 
Lincoln, recently returned from New Delhi, 
India, where he assisted with the milk fair. 

This fair was open every day from noon to 9 
p.m. During the 30-day period, nearly 900,000 
people attended this fair. The processes of 
manufacturing recombined milk and ice cream 
were demonstrated to business and govern- 
ment organizations. These products were dis- 
tributed amongst the people attending the fair 
as well as to welfare agencies and hospitals. 
There were a number of inquiries for the pur- 
chase of milk powder, milk fat and processing 
equipment. This fair was a great success. 

Dr. and Mrs. Shahani returned to Lincoln 
on Feb. 14 after spending about three weeks 
visiting relatives in Bombay, India, and in 
Italy. 


Georgia to Hold Management Conference 


A management conference for junior exec- 
utives of the dairy industry has been an- 
nounced for May 19-20 by the University of 


Georgia, Athens. The meeting will attract 
junior management personnel from dairy 


plants throughout the Southeast. H. B. Hen- 
DERSON, head of the Dairy Dept. at the Uni- 
versity of Georgia, states that the aim of the 
conference is to give junior management per- 
sonnel an opportunity to discuss future man- 
agement problems being brought on by con- 
stant changes in the industry. 

Personnel expected to attend the conference 
include assistant managers, production man- 
agers, sales managers, managers of small 
plants, and others interested in management 
problems of dairy plants. Top management 
personnel, of course, are especially invited. 

Four major sessions are planned. One will 
include discussions on personnel. This will 
include selection, training, and evaluation of 
personnel in the fields of production, sales and 
office. A second session will deal with human 
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Genenat Orrices 


THE CREAMERY PACKAGE MFG.COMPANY 


Pasa w WASHINGTON BL.vo 
TELEPHONE ABLE ADORE ss 
CHICAGO 7.ilur “CREAMERY CHICAGO 


2H O 
HAyMARKET 1.4222 


April 15, 1959 


Dre Xe Xe XXXXXX, Professor 
Dept. of Dairy Manufacturing 
XXKXXX State University 


XXXXXXXX, 


Dear Dr. XXXxXxXX: 
Thank you for letting me know of your intention to purchase & 
new homogenizer for your University milk plant. 
I am certain y r homogenization 
ad by CP Valve and why 
than other 


lve homogenize 
I would like to acquaint you with other 
tion and for teaching purposeSe 


Series DD, are 


typese 

to you for cost reduc 
The CP Stainless Multi-Flo Homogenizers, 
withstand high operating pressures, BUT they produce 
homogenization in milk at pressures as low as 1300 psi 
five cylinder models. For ordinary processings this 

means less power, lower cost 6 switches. 


2, There are no gears; eccentric shaft incorporates CP's 
exclusive dropped center design; low friction Timken Roller Bear- 
ings are used and lubrication is by trouble-free splash system. 
These features save on operation, for power waste is eliminated. 


lectrical lines, starters, 


ted -=- motor runs 
the crankcase 
This adds to 


The drive housing is positively ventila 
The motor is mounted above 


s not heat the oil. 


36 
cooler and lasts longere 
so that the heat it develops doe 
the life of the lubricating oil. 

he The all stainless steel exterior and upright design blend 
in with the generally vertical styling of other processing equip=- 
ment. There is maximum access to all parts of the machine e 
Our local sales representative will call next week and answer any 
questions you may have e 

Very truly yours, 


ML Yruitoas 
H. L. Mitten, Jre 
Technical Sales Director 
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To ensure a quality concentrate, every piece of equip- 
ment used in the canning line is made of stainless 
steel. Complete sterilization is maintained from the 
start until the concentrate is sealed in the sanitary 
open-top type of container. 


Sanitarians Know 
These 8 Facts! 


1 Pure milk demands pure vitamin additives, 
* and Vitex vitamin concentrates are the highest 

n quality! 

2 It is fundamental that in the modification 
* of milk (or in the addition of any modifiers 
to milk) only ingredients having the same sanitary 

quality may be used. 

3 The dairy ingredients in Vitex vitamin D milk 
* concentrates are derived only from Grade A 
milk. 

4 The dairy ingredients used in Vitex vitamin D 
* concentrates are processed only in Grade A 
dairy plants. 

5 Each lot of dairy ingredients used in Vitex 
* vitamin D concentrates is evaluated for sani- 
tary quality by stringent methods of bacteriological 
procedures. 

6 Vitex vitamin milk concentrates are processed 
* in a modern, regularly inspected plant designed 
especially for the product. It is given regular multi- 
ple sanitary inspection. 

7 Equipment used in processing 
* Vitex vitamin D milk concen- 
trates complies with the 3A Sani- 
tary Standards for dairy equipment. 

Vitex vitamin milk concentrates 

* represent the highest of stand- 
ards in dairy product processing 

techniques. They are used in Ameri- 
ca’s outstanding and finest dairies. 


VITEX LABORATORIES 





A Division of NOPCO CHEMICAL COMPANY 
GENERAL OFFICES: 60 Park Place, 
Newark, N.J. 
® PLANTS: Harrison, NJ. « Richmond, Calif. 


Pioneer Producers of a Complete Line of Vitamin 
Concentrates for the Dairy Industry 


OF DAIRY 





SCIENCE 


relations, moral standards and ethies in the 
industry. A third session will involve diseus- 
sions pertaining to automation—in production 
as well as in office work. The fourth session 
will center around the impact of industry 
changes and adjustments on management. 
Nationally known personalities will serve as 
discussion leaders in each 

The conference will be held in the Georgia 
Center for Continuing Education on the Uni- 
versity of Georgia Campus. It is sponsored 
jointly by the Georgia Center and the Dairy 
Dept. of the University of Georgia. Requests 
for application blanks and copies of the pro- 
gram should be sent to Prot. H. B. Henderson, 
Dairy Dept., University of Georgia, Athens, 


Georgia. 


session. 


Wisconsin News 
A. N. BrinceE has become a member of the 
dairy extension staff at the University of 
Wisconsin. He will be in charge of 4-H and 
Junior Dairy activities. He recently completed 
his work for the M.S. degree at Wisconsin. 





The Second Annual Wisconsin Silage con- 
ference was held on the University campus 
Dee. 12. Participants in the program were 
J. M. Sunp, Agronomy Dept., University of 
Wisconsin; RussELL JOHANNES, superintendent 
of the Marshfield Branch Experiment Station; 
L. A. Moorz, USDA; R. P. Niedermeier, Dept. 
of Dairy Husbandry, University of Wisconsin; 
R. H. Burris, Dept. of Biochemistry; N. N. 
ALLEN, Dept. of Dairy Husbandry; O. I. 
Berce, Dept. of Agricultural Engineering; and 
N. P. Nea, Dept. of Agronomy. 


Completed Theses 
Ph.D. Degree 

J. G. Hatit—Estrus, estrus cycles, ovulation 
time, time of service and fertility of 
dairy cattle in Louisiana. Louisiana 
State University, Baton Rouge. 

D. W. MarHer—A method for improving 
the flavor and keeping quality of creamed 
Cottage cheese. Purdue University, La- 
fayette, Ind. 

M.S. Degree 

A. N. Brince—Comparison of long hay, 
large sized pellets, and field baled legume 
hay for dairy cows. University of Wis- 
consin, Madison. 

W. J. Byer—Effect of chlorotetracyline on 
in vivo cellulose digestion. University of 
Wisconsin, Madison. 

B. J. Frieze—The production performance 
of proven and non-proven bulls in arti- 
ficial breeding. University of Wisconsin, 
Madison. 

W. J. Minsteap—tThe effect of a mixture of 
chlorotetracyline, bacitracin, and peni- 
cillin on the growth and well being of 
young dairy calves. Louisiana State Uni- 
versity, Baton Rouge. 
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Oregon News 

A $1,000 four-year annual scholarship for 
a dairy technology student at Oregon State 
College has been established by the Oregon 
Dairy Industries. 

Announcement of the study grant was made 
by J. S. Georce, Tillamook County Creamery 
Association and President of ODI for the 
coming year. 

The grant was established as a means of 
developing leadership in the milk processing 
industry. Any high school graduate of this 
year or previous years—either boy or girl— 
who is interested in college study in dairy 
technology may apply. 

Selection will be based each year on interest 
in the dairy industry, scholarship, character, 
need and personality. The recipient will re- 
ceive one-twelfth of the $1,000 at the begin- 
ning of each term during his or her four years 
at OSC. The scholarship holder must main- 
tain certain specified grade averages, however, 
to retain the award from term to term. 

Applications may be made on the regular 
state system of higher education scholarship 
forms available in the offices of all Oregon 
high schools. Applications should be mailed 
to F. E. Price, Dean, School of Agriculture, 


Corvallis, Oregon. 


DAIRY SCIENCE 


The Oregon Dairy Industries Annual Short 
Course and Convention was held on the 
campus of Oregon State College, Feb. 10, 12, 
1959, with a total attendance of some 335 
persons. 

Out-of-state speakers during the conference 
included D. V. JosepHsSoN, Head, Dept. of 
Dairy Science, Pennsylvania State University; 
G. P. Gunpiacu, of the G. P. Gundlach Co., 
Cincinnati, O.; R. J. Werner, Executive Di- 
rector of the Milk Industry Foundation, 
Washington, D.C., and M. E. Poweii, Knudsen 
Creamery Company, Los Angeles, Calif. 

The officers and directors elected for the 
coming year are J. S. Georae, Tillamook, 
president; R. A. Fisu, Eugene, vice president; 
K. L. RacKLEFF, treasurer; J. O. YounG, Cor- 
vallis, secretary; LAWRENCE CHRISTENSEN, 
Portland; GroveR HorstTerrer, Salem; CLYDE 
JOHNSON, Eugene; Luoyp McCarry, Portland; 
Ropney Murray, Klamath Falls; Simon 
NaGELY, MeMinnville; Francis Sparks, Clats- 
kanie, Par SuLuivan, Roseburg; and Haro.p 
UNDERHILL, Portland. 

The trophies and awards for the winners in 
various products manufacturing contests were 
presented at the banquet the final evening of 
the conference with 330 persons attending. 
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; a The shelf life of Cottage Cheese, Sour Cream and 
ae other cultured products have been greatly improved. 
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Dnly one sugar 
iffers you sucha 


VARIETY 


of profitable 
ipplications 


Jiscover for yourself the product- 
nproving, profit-making potential of 
actose, Edible, in the dairy field. Seldom 
© you find such a versatile material. 

For example, Lactose (pure milk 
agar) adds ‘‘old-fashioned” goodness 
nd body smoothness to buttermilk. 
actose builds a definite, more pleasing, 
favor identity in skim milk—eliminates 
fie chalky, powdery taste and staleness 
ften associated with ordinary modified 
Kim milks. In chocolate drink, Lactose 
aakes possible a 50% savings in butter- 
at content with no sacrifice in flavor or 
ality. Lactose also improves the 
tality of cottage cheese dressing. 

Only Western can supply Lactose, 
idible, in a full range of particle sizes. 
trict chemical and bacteriological spec- 
ications, rigid quality control and years 
f experience assure top performance. 

Find out how Lactose can help you. 
‘or complete information and product 
amples, write our Technical Service 
itate applications under consideration). 
iidress: Department 57D. 


WESTERN 

sONDENSING COMPANY 
Appleton, Wisconsin 

‘orid-Wide Supplier of High-Quality Milk Derivatives 


istributed Nationally by 
CHEMICAL DEPARTMENT, 


McKESSON & ROBBINS, INC. 


60 conveniently located warehouses 


pure sugar from milk 





14 JOURNAL OF 


The 2lst Annual Convention of the North- 
west Association of Retail Ice Cream Manu- 
facturers was held at West Linn, Ore., March 
2-4, 

R. W. Svein, Associate Dairy Technologist 
at Oregon State College, acted as one of the 
judges of the ice cream contest and led the 
diseussion at the ice cream elinie 
during the meeting. 


scoring 


A five-day ice cream manufacturing short 
course Was given by the Department of Dairy 
and Food Technology, Feb. 23-27. E. A. Day, 
R. W. Svein, W. E. SAnbINE, AnD J. O. Young 
of Oregon State College and Joke Nessirr of 
the Oregon State Dept. of Agriculture acted 
as instructors for the short course. 


Illinois News 


The University of Illinois Dairy Technology 
Career .Day was held April 4 at Urbana. This 
year’s program was held in conjunction with 
the Farm and Home Festival, April 2-4. 

The day’s events consisted of talks by staff 
members, senior students, and graduate stu- 
dents. The movie, “This Is the Dairy Industry,” 
was shown and high school students toured 
the facilities at Illinois. 

This annual Career Day—of 


“HANSEN'S” 


DAIRY 
PREPARATIONS 


Reliable High Quality—Since 1878 


which this is 


Cheese Rennet and Rennet 

Powder 

Cheese Color 

Cottage Cheese Coagulator 

Annatto Butter Color 

Dandelion Butter Color 

Certified Butter Color 

Starter Distillate 

Ice Cream Color 

Dri-Vac Cultures — Avail- 

able in Specific Strains 

Culture Flasks 

Culture Cabinets 

All “Hansen's” Dairy Prep- 

arations are strictly Kosher 
Write for Literature 


CHR. HANSEN’S LABORATORY, INC. 
MILWAUKEE 14, WISCONSIN ‘ 
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the fourth at Illinois—is designed to acquaint 
high sehool students interested in dairy work 
with the facilities of the University in that 
field. 


Southern Illinois U. News 


The Fourth Annual Dairy Day was held at 
Southern Illinois University, Carbondale, in 
Mareh under the auspices of the S.I.U. Dept. 
of Animal Industries. 

Participants in the program were ALEX 
Reep, chairman of the Dept. of Animal In- 
dustries; H. H. Ouson, 8.1.U. Dairy Specialist; 
G. W. Sauispury, chairman of the Dairy 
Science Dept., University of Illinois, Urbana; 
G. M. Werner, professor of dairy extension, 
University of Wisconsin, Madison; Gustav 
Boustept, S8.1.U. visiting professor of animal 
industries. 


Borden’s News 


G. G. Leary has been named general sales 
manager of the Borden Foods Company, ac- 
cording to an announcement by T. O. HorMan, 
president. With Borden’s for 24 years, Mr. 
Leary formerly was manager of this Borden 
Company division’s East-Central District, 
headquartered in Detroit, Mich. 

Mr. Leary succeeds O. D. Hau who, after 
completing the task of combining the field 


MODERNIZE 
YOUR BACTERIA 
COUNTING AND 
CONTROL... 


APY ASTELL ROLL TUBE METHOD 


the safest, fastest, simplest 
and most economical known today ! 


The dairy industry as well as the brewing, chemical 
and food processing field are moving to the APV 
ASTELL Roll Tube method because of the many 
advantages it has over the old Petri-dish, plate 
count method. Among them are: 


@ LESS BREAKAGE, reduced glassware cost. 

@ EASIER HANDLING, less storage space required 

@ LESS INCUBATOR SPACE needed, less danger of 
contamination. 

@ MORE CONVENIENT, incubated tubes may be carried 
around for demonstration and use in the field. 

@ PRACTICALLY FREE from risk of contamination. 

@ PREPARED TUBES with correct amount of media, may 
be sterilized and kept on hand for instant use. 





write today for detailed brochure and partial list of users 
throughout the world. 


APV COMPANY, INC. 


137 Arthur St. © Buffalo 7, N. Y. 
Tele: BEdford 8744 


World's leading 
Dairy Processing 
Engineers 
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Profitable Brands Start With Cherry-Burrell 


your specific needs, can increase your 


Obsolete equipment can’t meet today’s 
efficiency demands. To stay competi- 
tive, operators need equipment that 
reduces man-hours, reduces product and 
container loss, increases in-plant profits. 
It is Cherry-Burrell’s job to help you 
do this. 


Cherry-Burrell washers wash bottles 
thoroughly, gently and efficiently. The 
combination high soak tempera- 
tures and low caustic assures sparkling 
clean bottles with minimum etching. 
The exclusive universal pocket gives 
you the flexibility to handle ali bottles 
from tall half pints through rectangular 


half gallons — all standard finishes 
38mm through 56mm. Cherry-Burrell 
washers also available in a wide range 
of sizes and capacities to wash quarts, 
half-gallons and gallons. 

Cherry-Burrell fillers assure trouble 
free operation, reduce man-hours per 
unit of product. Accurate filling elimi- 
nates product loss. Vacuum type filling 
eliminates filling of chipped or broken 
bottles. Fillers available to fill bottles 
from half-pints to gallon jugs. 

Let a Cherry-Burrell Representative 
show you how a combination of Cherry- 
Burrell washers and fillers, selected for 


profit. Write him today. There’s no 


obligation. 


Your one complete source for profit 
engineered dairy equipment, service and 
supplies. Sales and Service in 58 cities. 


Ci crrrey Burger 
ReoRATIO @ ; 
ee CEDAR RAPIDS, IOWA 


Dairy * Food « Farm « Beverage + Brewing 
Chemical « Equipment and Supplies 
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sales forces of the former Food Products and 
Cheese Divisions into the Borden Foods Com- 
pany, requested a field assignment. As a re- 
sult, he becomes manager of the company’s 
newly created Southeast District, with head- 
quarters in East Point, Ga. Born and schooled 
in the Atlanta area, Mr. Hall became a Borden 
Foods salesman there in 1938, He moved up 
to general sales manager of the Borden Food 
Products Division in 1952 and of Borden 
Foods Company when it was formed last vear. 

R. J. Lyon succeeds Mr. Leary as East- 
Central district manager. Mr. Lyon joined the 
division in 1951 as a salesman in the San 
Francisco area. He became Detroit sales man- 
ager in 1956. In 1958, he took on the task of 
helping to consolidate district sales forces of 
the combined divisions. 

N. P. Foutz has been promoted to sales 
manager and LEONARD Moots to advertising 
and merchandising manager of the Borden 
Company’s Chicago Ice Cream Division, ae- 
cording to an announcement by R. C. Dickin- 
SON, president of the division. 

Mr. Foltz formerly was assistant to the di- 
vision’s general sales manager. He started 
with Borden’s in 1946 as a salesman. 

Mr. Moots joined Borden’s in 1938, as a 
member of the division’s sales promotion de- 
partment. His most recent position has been 
sales promotion manager in the Chicago- 
Central fluid milk and ice cream district of the 
company. 


a V.1.P. 


(very important product) 


that’s C.1.P. 


(cleaned in place) 


This key 
Mojonnier 
processing unit 
is designed to be 
cleaned-in-place. 
It's just another 
in the long 

list of major 
features that 
make it 
preferred by 

the modern dairy 
BT Se 


The Mojonnier 
Zone-Control Vat 





is also ee 
designed for For cosamhete 

etails, writ 
cleened-in-place MOJONNIER BROS. CO. 
operation. 4601 W. Ohio St. 
as Chicago 44, IMinois 


COLD WALL TANKS 


Capacities: 50 to 10,000 gallons 
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Louisiana News 


Nearly 48,000 dairy cows were bred arti- 
ficially through the Louisiana dairy improve- 


ment program during 1958. This was ap in- 
crease of more than 4,000 cows as compared 


to the previous year. A goal of 53,000 cows 
was set for 1959 at a recent meeting of tke 
Louisiana Artificial Breeding Cooperative 


board of directors. 

Artificial insemination service is now avail- 
able from Holstein, Jersey, Guernsey, Brown 
Swiss, Ayrshire, Milking Shorthorn, Hereford 
and Angus bulls in 58 of the 64 parishes 
(counties). The two top technicians, R. J. 
SmitH of New Iberia and W. D. WALKER, JR. 
of Franklinton, each inseminated more than 
3,000 cows during 1958. 

Marked improvement in the production and 
type of dairy cattle in Louisiana has oceurred 


during the tast decade. Although feed and 
management have contributed their share, 


much of the progress can be attributed to 


artificial insemination. 


Wilster Leaves for India 


After seven months of retirement on his 
one-acre ranch, 20 miles east of San Diego, 
Calif., G. H. Wius'rer left on Feb. 22 for India 
via Washington, D. C. and Copenhagen. 

He participated in a Trade Fair at Caleutta 
for six weeks. This is under the joint spon- 





NONCHAPPING 


IOSAN 


PREVENTS MILK LOSSES 


"Stopped 
mastitis” 





1OSAN heirs prevent the spread of 
mastitis when used on udders and 
for dipping teat cups. Nonirritating, 
yet also a powerful cleaner-sanitizer 
for all equipment. Lowers bacteria 
counts. Prevents milkstone buildup. 


1OSAN is the original patented 
“Tamed lodine’’® Germicidal Cleaner. 
Used daily by tens of thousands of 
milk producers. Especially effective 
for Bulk Tanks. For a free demonstra- 
tion contact your regular supplier or 
Lazarus Laboratories Inc., Div. West 

roducts. Inc., 42-16 West 
Ste Long Isiand City 1, N. Y. 
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HELP PROTECT 
ICE CREAM PRODUCTS 
AGAINST HEAT SHOCK 


Ice creams, sherbets and 
novelties need added protection 
against heat shock. Fropex 
makes higher freezing 
temperatures possible, thus 
reducing melt-down problems. 


FRODEx also stabilizes ice crystals 


- ae and produces a smoother 
7 aia texture. The pro-sugars in 
en FRopEXx enhance the 

_ and true flavors of dairy ingredients. 
~ In addition, there are definite 

_._ ~~ economic advantages in the use of 


FRODEX in modern ice cream 
manufacture. Write to our 
Technical Service Department 
for further details. Free 
saimples of FRODEX are yours on 
request without obligation. 
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sorship of the U.S. Department of Commeree, 
USDA, Foreign Agriculture, and Dairy In- 
dustries Society International. He also visited 
Anand, Bombay State, as a technical advisor 
to the Government of India on the manufac- 
ture of sweetened condensed milk. This proj- 
ect was sponsored by the Food and Agriculture 
Organization of the United Nations. 


Connecticut News 


G. W. GANDER, a recent Ph.D. degree gradu- 
ate at Cornell, has accepted a research po- 
sition in the Dept. of Animal Industries, Uni- 
versity of Connecticut, Storrs, where he will 
work on “The hydrolysis of selected triglye- 
erides by milk lipase” and related projects. 


Animal Reproduction Symposium To 
Be Held At Urbana, IIl., June 18-20 


The Fourth Biennial Symposium on Animal 
Reproduction will be held June 18-20 at the 
University of Illinois, Urbana. The theme 
of the program will be “The Effect of Germ 
Cell Damage on Reproduction.” 

Papers and speakers are as follows: 

“Genetic Causes of Faulty Germ Cells and 
Low Fertility,” Ivan JOHANNSON, professor 
of animal breeding, Roval Agricultural Col- 
lege, Uppsala, Sweden, and George A. Miller 
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FIRST CHOICE BECAUSE 
KELCO STABILIZERS FIT 
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KELCO 
COMPANY 


120 Broadway, New York 5, N.Y 
530 West Sixth St., Los Angeles 14, Calif 
20 N. Wacker Drive, Chicago 6, Illinois 


$ 


Cable Address: Kelcoalgin—New York 
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visiting professor of dairy science, University 
of Illinois, Urbana; “The Relation of the DNA 
of Sperm Cells to Fertility,” Cectuig Levcu- 
TENBERGER, senior biologist and senior cyto- 
chemist, Children’s Cancer Research Founda- 
tion, Ine., Boston, Mass.; “Irradiation Damage 
to Animals and Its Effects on Their Repro- 
ductive Capacity,” E. F. OakperG, Biology 
Division, Oak Ridge National Laboratory, 
Oak Ridge, Tenn.; “Normal and Faulty Fer- 
tilization,” R. W. Noyes, Stanford, University 
Medical School, Palo Alto, Calif.; “Antigen- 
Antibody Reactions in Relation to Reprodue- 
tion,” Seymour Katsu, Dept. of Pharmacology, 
University of Colorado Medical Center, Den- 
ver, Colo.; “Nutritional Factors in Germ Cell 
Production in Farm Animals,” J. T. Ret, 
Dept. of Animal Husbandry, Cornell Uni- 
versity, Ithaca, N.Y.; “Temperature and Light 
as Factors in Reproduction Among Farm Ani- 
mals,” R. H. Durr, Dept. of Animal Hus- 
bandry, University of Kentucky, Lexington; 
“Psyehological Problems in Germ Cell Pro- 
duction in Farm Animals,” E. B. Have, and 
or J. O. Aumauist, Dept. of Dairy Science, 
Pennsylvania State University, University 
Park. 
Rappe Elected by Sealright 

H. C. Esvraprooxk, president of Sealright- 
Oswego Falls Corporation, announces the elec- 
tion of H. T. Rappe as treasurer and director 
of finance of the paper 
container and closure 
company. Mr. Rappe 
will be at the company’s 


home office in Fulton, 
N.Y. He has been con- 
troller of American 
Seal-Kap Corp. of Del- 
aware which has New 
York City head- 
quarters and_ subsid- 


iaries in diversified in- 
dustrial fields. 

In 1935 Mr. Rappe 
received the A. B. de- 
eree from Ohio Wes- 
leyan University, Delaware. He subsequently 
attended Western Reserve University of Cleve- 
land, Ohio, for the further study of finance 
and business subjects. 

Following several financial and accounting 
connections, Mr. Rappe became associated 
with the financial staff of Euclid Road Ma- 
chinery Company in 1941. In 1953 this com- 
pany was acquired by General Motors Corpor- 
ation at which time Mr. Rappe was appointed 
Assistant Treasurer. 


H. T. Rappe 


New Hampshire News 
The Third Annual Herd Health Conference 
was held in February at the University ot 
New Hampshire, Durham. This conference 
is sponsored each vear by the Dept. of Dairy 
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A sample from each batch of Kraft powder is made into chocolate milk 
and performance-tested before any of the batch is shipped to dairies. 


This is how we make Kraft Chocolate 
Flavored Powder so uniformly good! 


1. We start with top-grade ingredients. 
Kraft buys only the finest grade cocoa 
and quality sucrose. Because these in- 
gredients must meet our rigid specifica- 
tions, you can count on uniformity of 
color and flavor in the finished product. 


2. We make our own stabilizer. Kraft 
extracts the stabilizer we use from Irish 
Moss which we harvest ourselves. Our 
special process assures thorough suspen- 
sion with the viscosity you desire. You 
order the formula designed for your sys- 


tem and its high safety range allows ad- 
justments in sweetness and strength 
without upsetting balance. 


3. We manufacture in small batches. 
Unlike other manufacturers, Kraft 
makes chocolate powder only in small 
batches. This permits more exact con- 
trol over quality. A sample from each 
batch of Kraft’s powder is made into 
chocolate milk and its performance 
tested before any of the batch is shipped 
to dairies. 


Samples for classroom work made available to accredited dairy colleges. 
Just write your nearest Kraft division office. 


(K) KRAFT FOODS— 500 Peshtigo Court, Chicago 90, Illinois 
‘ Division Offices: New York— Garland, Texas— Chicago—San Francisco 
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Science and the Cooperative Extension Ser- 
vice at the University. 

The general topic for the 1959 meeting was 
“Antibiotics and Disease Control.” The con- 
ference is designed to interest dairymen, feed 
service personnel, technicians for artificial 
breeding associations, veterinarians, county 
agents, and all others interested in the general 
health and well being of dairy cattle. 


Participants included L. 8S. Mix, Beacon 
Milling Co., Cayuga, N. Y.; N. W. Preper, 
D.V.M., Middletown, Conn.; H. C. Moore, 


Dairy Dept, University of New Hampshire. 


Hodgson Elected by AAAS 

R. E. Hopason, USDA, has been elected as 
a vice president of the American Association 
for the Advancement of Science and chairman 
of its Agriculture Section. 

Dr. Hodgson is director of the Animal 
Husbandry Research Division of the USDA. 
As chairman of the Agriculture Section, Dr. 
Hodgson will organize a symposium program 
for the 1959 AAAS meeting in Chicago. The 
topie will be “Germ Plasm Resources in Agri- 
culture: Development and Protection.” 

The USDA seientist has also been elected 
a Fellow in the AAAS. 


Cornell News 
A Milk Flavor Sehool will be held May 5- 
6 at Cornell University, Ithaca, N. Y. The 
program is as follows: 


How to make 
every batch a success 


FLAV-0-LAC 


FLAKES 





“Numbered blends” have proved suc- 
cessful for plants all over the country. 
Fresh culture every week of high quality 
keeps aroma, smoothness, and flavor 
uniform in fermented milk products. 


Write for details in 
our Culture Booklet 


THE DAIRY LABORATORIES 
PHILADELPHIA 3, PA. 
New York °« 





Washington 


Branches: 








DAIRY SCIENCE 


Tuesday Morning—Flavor Judging Tech- 
niques, E. S. Gururite; Flavor Judging and 
Diseussion of Samples, W. F. SHIpE. 

Tuesday Afternoon—A. C. DAHLBERG, chair- 
man; Barny and Feedy Flavors, J. C. WHITE; 
Raneid Flavors, B. L. Harrineton; Oxidized 
Flavors, V. N. Krukovsky; Malty, Fermented, 
and Sour Flavors, H. B. NayLor; Miscellaneous 
Flavor Defects, R. P. Marcu, Summary, A. 
C. Dahlberg. 

Tuesday Evening Banquet—Herrett De 
Grarr on the topic, “The Competitive Posi- 
tion of North Eastern Fluid Milk.” 

Wednesday Morning—R. F. Ho.uanp, chair- 
man; Types of Flavor Removal Equipment, 
W. K. Jorpan; Temperature and Vacuum 
Control, J. E. Barrer; Ultra High Temper- 
ature Processing, E. O. HERREID. 

Wednesday Afternoon—R. F. Ho.uanp, 
chairman; Effects of Simple Vacuum Systems 
on Flavor, A. C. Smiru; Effeets of Steam In- 
jection Systems on Flavor, W. F. SHrpe; Sum- 
mary, R. F. Ho.Luanp. 


Beatrice News 

J. F. Hazerton anp C. N. Hansen, both 
vice presidents of Beatrice Foods Co., have 
been named Illinois delegates to the 15th In- 
ternational Dairy Congress at London, Eng- 
land, June 29-July 3. 

Mr. Hazelton is executive vice president in 
charge of all operations for Beatrice Foods. 
He lives in Wilmette, Ill. Hansen is vice presi- 
dent and Illinois district manager for the 
company. He lives in Champaign, III. 

Beatrice Foods announces the following 
promotions: J. L. Burns, from manager of the 
Columbus, O., plant to district director of the 
Northern Ohio District; A. T. Mussert, as- 
sistant manager of the New Bremen, O., plant 
to manager of that plant; J. F. Hazevton, 
manager of the Muncie, Ind., plant to assistant 
district manager of the Indiana-Southern 
Ohio District; and W. H. MoraGan, assistant 
manager of the Columbus, O., plant to manager 
of the Columbus plant. 








Pickett Joins Western Condensing 
G. D. Picketrr has joined Western Conden- 
sing Company as tech- 
nical service represen- 
tative for all five 
grades and 10 granula- 
tions of Foremost Lae- 
tose. His activities will 
primarily deal with 
Lactose applications 
which apply to all seg- 
ments of the food in- 
dustry. Mr. Pickett is 
a graduate of the Uni- 
versity of Minnesota 
with a degree in Dairy 
Products Manufacture. 
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Complete central control systems with 
exclusive Klenzmation program timer for 
automatic control of cleaning cycles, 
temperatures, detergent and water 
usage. Pre-engineered “package” sys- 
tems with automati Pp ts ready 
for installation. Also new improved 
Klenz-Spray units for cleaning bulk pick- 
up tanks and storage tanks. 





C-I-P CLEANING 


Klenzade was first to develop cleaned-in- 
place systems for HTST pasteurizers and 
other processing equipment, and revolv- 
ing and fixed spray arms for cleaning 
evaporators. Originators of the patented 
O-R Cleaning System. Complete engi- 
neering for all types of C-I-P systems 
and today's finest line of specialized 
performance-approved detergents. 


FARM PROGRA 0: ie 


Klenzade Pipeline and Bulk Tank Clean- 
ing Programs and standard Farm Quality 
Program for milker and can type opera- 
tions are the most widely used systems 
throughout the United States and Can- 
ada. Field demonstrations for producers 
are a continuing part of the Klenzade 
Service-To-Industry educational project. 


sya i ae 
BOTTLE WASHING | 


An old problem with a sparkling new 
Klenzade approach — Klenzade Special 
Alkali, and Klenzade Chelated Caustic 
— two of the most perfectly formulated 
products yet devised for hydro and soak- 
er type bottlewashers. New chelating 
agents produce results never before 
possible. 





Engineered sanitation pays off in econo- 
my cf products and time. Whether you're 
interested in full aut tion, j-aut 
mation, C-I-P, special problem cleaning, 
or improved sanitation for your produc- 
ers, call in your Klenzade representative 
now or write to Klenzade at Beloit, 





KLENZADE PRODUCTS, INC. 
SYSTEMATIZED SANITATION All Over The Nation 


BELOIT e« WISCONSIN 
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Dairy Technology Societies 


Utah—R. W. Bartuert, Dept of Agricultural 
Economies, University of Illinois, spoke on 
the topic, “New Technology : How it Affects 
the Dairy Industry.” Newly elected officers 
are W. R. Goprrey, Hi-Land Dairy Association, 
Murray, president; PAUL FREEBAIRN, Salt Lake 
City Health Dept., vice president; P. B. Lar- 
SEN, Dairy Industry Dept., Utah State Uni- 
versity, Logan, secretary-treasurer; REED FeEr- 
ris, Nelson-Ricks Creamery Co., Salt Lake, 
three-year director. 

Minnesota—The March meeting-goers heard 
SipNey Berve, Special Assistant to the At- 
torney General of Minnesota, on the topic, 
“Dairy Technology and Milk Barriers.” 

Michiana—The March meeting consisted of 
a judging evening with al! dairymen bringing 
cottage cheese and buttermilk. A_ talk on 
“Cultured Dairy Products” was also heard. 

Kansas—Neit ANGEVINE, Meyer-Blanke Co., 
St. Louis, spoke at the March meeting on the 
topic, “Timely Tips on Uniform Cottage 
Cheese and Other Cultured Products.” 

Metropolitan—C. K. Jouns, officer in charge 
of Dairy Technology for the Canadian Dept. 
of Agriculture, spoke on the topic, “Assessing 
the Cleanliness of Milk Production.” 

Kansas City Area—The Efficient Care and 
Maintenance of All Dairy Equipment,” was 
the topic of Pau Mircuum, mayor of Kansas 
City, at the February meeting of the Society. 





for 75 years 
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fine chocolate 
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WILBUR 


CHOCOLATE CO. 
LITITZ, PENNA. 











Atlanta—An Ice Cream Clinie was the fea- 
tured event of the March meeting. STEVE 
Speck, Irvindale Farms Dairy, was in charge 
of the clinic. The April meeting will feature 
P. H. Tracy, Dept. of Dairy Manufactures, 
University of Illinois, Urbana. 

Chicago—"*The Edueation of the Food Tech- 
nologist” was the topic of R. T. MiLNer, head 
of the Dept. of Food Technology, University 
of Illinois, Urbana, at the February meeting. 

Detroit— Attendants at the March meeting 
heard GayLe Ripma, Cherry-Burrell Corp., 
Cedar Rapids, la. Mr. Ripma spoke on the 
topic, “Steps to Dairy Plant Modernization.” 

Central Illinois—The March meeting was 
held at Decatur with Pau McKay, president 
of Millikin University, Decatur, as the main 
speaker. Dr. MeKay spoke on the topic, 
“Russia Revisited.” Officers for 1959 are 
R. E. Luoyp, Benson Creamery, Decatur, presi- 
dent; Howarp Datry, Daily Laboratories, 
Peoria, vice president; Berry Woop, Beatrice 
Foods Co., Decatur, recording secretary; 
RicHarD CarTER, Beatrice Foods Co., Decatur, 
treasurer; RoperT Svopopa, Urbana Pure Milk 
Co., Urbana, sergeant-at-arms; HENDERSON 
May, chairman of the education committee; 
S. L. Tuckey, University of Illinois, seeretary. 
In February the Society voted to sponsor two 
scholarships for 1959 for two freshmen stu- 
dents in dairy technology at the University of 
[llinois. 

Western Michigan—Speaker at the March 
meeting was R. L. JANes, Dept. of Entomol- 
ogy, Michigan State University, East Lansing. 
Dr. Janes spoke on the topic, “Insect Con- 
trol in the Dairy Plant.” 

North Carolina—March speaker was M. L. 
Speck, Dept. of Dairy Bacteriology, North 
Carolina State College, Raleigh. His topic 
was “Maintaining Good Flavor in Dairy Prod- 
ucts of the Control of Psychrophilic Bacteria.” 

Eastern Colorado—Product Development 
and Nutrient Research” was the topic for 
the March meeting. D. H. Jacosson, Director 
ot Research, American Dairy Association, was 
the main speaker. 

Tri-Cities—The March meeting featured a 
talk by T. B. Harrison, Dept. of Dairy Manu- 
facturing, University of Tennessee. His topic 
was “Problems and Remedy of Fat Shortage 
in Dairy Plants.” 

Central Michigan—A panel discussion on 
the pros and cons of the need for lowering the 
fat standard of ice cream to 10% was featured 
at the March meeting. Participants were 
GEORGE Byrne, Thayer Dairy, Clare; CHARLES 
GLEASON, Bordens, Lansing; F. M. SkIver, 


chief of the dairy division, Michigan Dept. 
of Agriculture; and JosepH MeEISsER, Twin 


Pines Farm Dairy. 
Oklahoma—L. EK. Hawkins, director of the 
Oklahoma Agricultural Experiment Station, 





was the main speaker at the March meeting. 
His topie was “Research to Compete.” 
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STUDENT CHAPTER NEWS 


A Section Devoted to the Activities of Dairy Students 
J. E. Jonnston, Editor 


Minnesota Student Chapter News 

The Minnesota Student Chapter began its 
winter quarter activities in high spirits fol- 
lowing the Dairy Products Judging Team’s 
victory in the Collegiate Students’ Inter- 
national Contest. In addition to winning first 
place in judging all products, the team placed 
tirst in the judging of milk, cheese and butter. 
Donald Benning, Philip Lueas, nad William 
Schulz placed Ist, 2nd, and 3rd, respectively, 
as individuals in the contest. 

The first club propect during the quarter 
was to prepare and serve a noon meal two 
days during Farm and Home Week. A gross 
of $247.60 was realized from this activity. 

Each year during the winter quarter the 
professional agricultural clubs on campus 
sponsor a series of winter judging contests. 
The contests are climaxed by an All-Ag-Stag 
Banquet at which the winners of the various 
contests are announced and awards are pre- 
sented. Arrangements for the contests and 
hanquet are handled by the Tech-Ag Commis- 
sion, which is made up of representatives of 
the several professional clubs. Paul Suomala, 
Dairy Science Clubs member, is chairman of 
the several professional clubs. Paul Suomala, 
Dairy Science Club member, is chairman of the 
1958-59 Commission. 

The dairy products and dairy cattle contests 
were held on January 31. Competition in both 
events was keen, due to a greater-than-usual 
number of entries. Winners in the products 
divisions were: Milk—Guenther Behrens, 
Butter—Paul Suomala; Cheese—Arthur Goem- 
bel; Iee Cream—Alvin Brockway; High over- 
all score—Sheldon Erickson. 

Dairy cattle division: First—Sheldon Erick- 
son; Second—Gerald Strandlund; Holsteins— 
Warren Hanson; Jerseys—Clemens Bauer; 
Reasons—Robert Koehler; High Freshman— 
David Minar. First place in combined points 
for dairy cattle and dairy products went to 
Sheldon Erickson, with Paul Suomela as the 
runner-up. 

Coaches and members of the dairy products 


judging teams of 10 and 20 years ago, and 


members of the dairy cattle judging teams of 





Projects, Consultation, and Production 
Control Services in 


Biochemistry, Chemistry, Bacteriology, Toxi- 
cology—Insecticide Testing and Screening. 
Write for price schedule. 


WISCONSIN ALUMNI RESEARCH 
FOUNDATION 
P.O. Box 2217-X, Madison 1, Wisconsin 











10, 20, and 30 years ago were guests of the 
Club at the Ag-Stag Banquet. 

Several committees are functioning within 
the club; these committees and their chairmen 
are: Tech-Ag Commission—Paul Suomala; 
Farm and Home Week—Guenther Behrens; 
Newsletter—Richard Day; Awards—Garth 
Miller; Milk Hour—Harlan Stoehr; Serap- 
book—Richard Cole; Food—Sheldon Erickson; 
Publicity—Gerald Strandlund. 

Four club members, LeRoy Iverson, William 
Schulz, Warren Krause, and Harlan Stoehr, 
were recognized by the Student Council for 
leadership on the campus. 

On February 25, the club, in cooperation 
with the Student Union Board of Governors, 
sponsored a Milk Hour. Over 200 persons 
were served milk, crackers and cheese. 

Two speakers from outside the University 
have appeared on meeting programs during 
this quarter. They are Jim Hill of Radio 
Station WCCO, who spoke on “Vertical Inte- 
gration,” and John Dysart of the Land 
0’ Lakes public relations staff, who spoke on 
“Dairy Marketing.” 

The club approved the proposed constitution 
of a National Student Branch of the Ameri- 
ean Dairy Science Association. 


GERMICIDAL CLEANER 


IOSAN 


PREVENTS MILKSTONE 


Mr lHicler. 
count low” 





IOSAN reduces bacteria counts to 
consistent lows. Removes and pre- 
vents milkstone buildup. Simplifies 
sanitation. Replaces two or more 
products because it is both a power- 
ful cleaner and sanitizer. 


IOSAN is the original patented 
“Tamed lodine’’® Germicidal Cleaner. 
Used daily by tens of thousands of 
milk producers. Especially effective 
for Bulk Tanks. For a free demonstra- 
tion contact your regular supplier or 
Lazarus Laboratories Inc., Div. West 
Chemical Products Inc., 42-16 West 
St., Long Island City 1, N. Y. 
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University of Tennessee Dairy Club 
Activities 

Every second and fourth Wednesday of the 
month the Dairy Club assembles in Room 101 
of MeCord Hall for its bi-monthly meetings. 
Business as well as entertainment is carried 
on. 

We began the year by recruiting new mem- 
bers, especially those who were freshmen. 
Then various committees were appointed by 
the President, Dave Hinton, to keep the club 
functions rolling along smoothly. This year 
Ray Hinton was appointed to head the food 
committee. The head of this committee is 
the primary money maker of the club. He 
manages all of the meals that the club serves 
during the year. We have already served 
three different groups. They are the Dairy 
Institute, East Tennessee Artificial Breeders 
Association, and those attending a meeting 
on silage. 


OF D. 





{7IRY SCIENCE 


Johnnie Fisher and Nie Thomas were ap- 
pointed to head the publications committee. 
This is the first year that a full-seale publi- 
cation has been published. We hope it will 
be a success, 

Emmett Barker, the Vice-President, is in 
charge of all entertainment and social activi- 
ties. During the fall quarter we enjoyed a 
wiener roast under a moonlit sky at the newly 
purchased artificial breeders association farm. 
At one of our meetings we enjoved a talk by 
Al Sebby of the Pet Milk Company here in 
Knoxville. Mr. Sebby spoke on quality control, 
a very important factor in our milk plants 
today. One of the highlights of the winter 
quarter was an interesting and enlightening 
travelogue by Dr. Turk on his stay in the 
Philippines, where he helped rehabilitate the 
Philippine Agricultural College after World 
War IT. Dr. Turk is president of the American 
Dairy Science Association. 
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EFFECT OF IONIZING RADIATION ON THE ALLERGENICITY 
OF MILK PROTEIN! 


H. F. KRAYBILL, R. O. LINDER,’ M. S. READ, T. M. SHAW,® ann G. J. ISAAC 
U.S. Army Medical Research and Nutrition Laboratory, Denver, Colorado 


SUMMARY 

The mean contractions on the excised uterine strip from milk-sensitized guinea 
pigs, produced by a challenge with irradiated milk samples, revealed that a 9.30-megarad 
sample produced a response which was 85% of that for raw skimmilk. The mean cross- 
challenge response for this same sample was 19.4%, as compared to a zero cross- 
challenge response for raw skimmilk. [rradiation of milk samples at lower radiation 
doses of 2.79 and 5.585 megarads produced much larger initial responses and lower 
cross-challenge responses, as evidenced by the uterine strip contractions of milk- 
sensitized guinea pigs challenged in vitro with these samples. 

At radiation doses of 0.456, 2.79, 5.58, and 9.30 megarads, the mean lethal shocking 
doses (1.s.d.;5, values) for irradiated milk samples, when challenged on milk-sensitized 
guinea pigs, were 29 + 4, 64 4:11, 602 + 270, and 1,157 + 422 yg. of protein nitrogen 
per 0.5-ml. dose injected. The increase in these |.s.d.,. values reflects extensive molecular 
alteration in milk protein produced by ionizing radiation. 

The significance of the biochemical alteration in food proteins produced by ionizing 
radiations is discussed, and the clinical importance in the reduction of allergenic prop- 
erties of protein so treated is implied in these studies. 


Many investigations have been conducted within the past few vears to deter- 
mine the extent of biochemical alteration of food proteins as a result of radiation 
sterilization, and to identify the protein irradiation end-products contributing to 
certain undesirable odors, flavors, colors, and textures (3, 11, 12, 17, 20). While 
various physical and chemical measurements have been used to evaluate protein 
alteration resulting from irradiation, little attention has been given to changes 
in the biological response or anaphylactogenic properties of these proteins. 

The effect of radiation on the protein molecule is mainly denaturation, degra- 
dation, polymerization, and molecular rearrangement. Molecular alteration of the 
protein by ionizing radiation, reflecting both denaturation and precipitation, has 
been followed by measurements of viscosity, heat stability, solubility, and absorp- 
tion spectra. Bellamy et al. (4) observed changes in viscosity of egg protein and 
Barron and Finkelstein (2) noted a change in sedimentation of bovine serum 
albumin, all of which are indicative of splitting of the protein molecule and 
cross-linking or polymerization. 


Received for publication December 1, 1958. 

‘These studies were supported under Contract No. DA-49-007-MD-549 with the Office of 
The Surgeon General, Department of the Army, as a collaborative project between this Labo- 
ratory and the University of Colorado. The opinions expressed in this publication are those 
of the authors and not necessarily those of the Department of the Army. 

* Present address: University of Colorado Sehool of Medicine, Denver, Colorado. 

* Present address: College of Veterinary Medicine, Michigan State University, East 


Lansing, Michigan. 
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Bellamy et al. (5) noted that dry sodium caseinate irradiated at 18.6 megarads 
turned yellow, became more soluble in water, and with a decrease in particle size 
exhibited a concomitant drop in viscosity. Hence, dry casein when irradiated is 
less susceptible to polymerization. However, casein in aqueous solution when 
irradiated shows evidence of polymerization and an increase in viscosity. Day 
et al. (7) found an inereased nonprotein nitrogen in proteose peptone fractions 
of skimmilk at radiation doses of 1.86 and 4.65 megarads, and McArdle and 
Desrosier (16) found an increase in free sulfhydryl groups with no increase in 
free amino nitrogen, using 2% aqueous solutions of casein irradiated at 7.40 
megarads. 

As early as 1911, Doerr and Moldovan (8) found that ultraviolet radiation 
could reduce the antigenic activity of proteins. They observed an irreversible 
coagulum from irradiation-denatured native serum protein, which corresponded 
to a turbid solution of the same protein produced by heating. These radiation- 
induced changes result in a lowered capacity to release anaphylactic symptoms 
with guinea pigs. Lehman and Laug (13) proposed that the biochemical altera- 
tion of proteins, induced by ionizing radiation, could be traced biologically by 
a comparative evaluation of the antigenic properties of the native and irradi- 
ated protein. In 1957, Leone (14) measured the antigenic response of 1% solu- 
tions of native and gamma irradiated ovalbumin, the latter treated within an 
absorbed energy range of 268-344 electron volts per molecule (100 electroa 
volts/molecule = 0.21 X 10® rads). They found that the intra-abdominal sensi- 
tizing dose of this protein, required to produce anaphylaxis in guinea pigs chal- 
lenged with the untreated ovalbumin, was markedly decreased. The mean sensi- 
tizing dose for the native protein was 2.5 ng. of protein N per animal, as compared 
to 0.1 pg. of protein N per animal for the irradiated protein. 

One of the earliest classical studies om the immunological properties of 
proteins from milk was that by Wells and Osborne (18). Of the four immuno- 
logically distinct protein fractions characterized at that time, they noted that 
biological specificity is dependent on chemical constitution rather than ou 
biologic origin. Casein is as distant biologically as it is chemically from whey 
proteins. Therefore, an immune serum for any casein will give reactions with 
casein from any other species of remote relationship. Bovine casein, although 
having identical amino acids in similar proportions to those of sheep casein, is 
racemized or positioned in the molecule differently from sheep casein. Conse- 
quently, the variation in molecular configuration may account for a disparity of 
allergenic properties in protein of similar chemical constitution. 

Acidification, alkalinization, homogenization, and enzymatic proteolysis have 
been tried for the purpose of improving the digestibility of milk protein. The 
hydrolytic and proteolytic processes vield degraded proteins having smaller 
molecular fragments, which lack the antigenic properties characteristic of the 
native protein. Since treatment of proteins with ionizing radiation using gamma 
or high-speed electron sources can denature and degrade a specific protein, 


the effect of such treatment on the anaphylactogenic properties may be profitably 





IONIZING RADIATION AND ALLERGENICITY OF PROTEIN 583 
Ide 


explored. The objective of this investigation, therefore, is to study the effect of 
ionizing radiation on the allergenicity of milk protein as measured by gross 
anaphylaxis and Schultz-Dale uterine strip techniques. 


EXPERIMENTAL PROCEDURE 


Since the immunological properties of fluid milk primarily are those of the 
milk protein, for these studies fresh, raw skimmilk was used which was obtained 
from a local dairy. Each series of irradiated milk samples used throughout the 
experiment had a comparable unirradiated control or reference sample of milk 
from the same procurement. All samples were stored at —20° C. to maintain 
colloidal stability, and repeated analyses of all samples showed an approximate 
concentration of 5,500 ng. of protein N per milliliter. 

Gamma radiation of raw skimmilk. Raw skimmilk in glass serew-capped 
vials was packed and sealed in No. 2 metal cans, frozen, and then shipped with 
dry ice to the Gamma Irradiation Facility at the Materials Testing Reactor at 
Idaho Falls, Idaho. Spent fuel rods from the Materials Testing Reactor, con- 
taining mixed fission products and maintained in a water canal, were the gamma 
radiation source. The dose rate for the source, although variable, was within 
the range 2.877—3.382 < 10° rad/hour. The energy range was 0.75 mev. Milk 
samples were irradiated at ambient temperature of water (24° C.) in the canal. 
Four batches of milk were irradiated at 0.465, 2.79, 5.58, and 9.30 megarads, 
respectively. Immediately after irradiation, the cans were repacked in dry ice, 
returned to our laboratory, and stored in the freezer. 

Concurrent radiation distillation of milk. Through the courtesy of the De- 
partment of Food Technology, Massachusetts Institute of Technology (Cam- 
bridge, Mass.), samples of irradiated whole milk were furnished for testing. 
These samples had been irradiated by a concurrent radiation distillation tech- 
nique (19). Essentially, this procedure was carried out by fitting a vacuum 
evaporator into a cylindrical Cobalt® source. The system is evacuated, after 
which a volume of milk is drawn into the chamber, where it is simultaneously 
irradiated and boiled. A series of cold traps outside the chamber traps the vola- 
tile off-odor, off-flavor compounds formed during irradiation and boiling. To 
further prevent oxidative changes, a stream of nitrogen was introduced into the 
system, and sodium ascorbate was added to the milk prior to processing, to reduce 
off-flavor development. The dose rate for the Cobalt® source was approximately 
5,600 rep/min, or 2 X 108 rep in 6 hr. 

Preparation of antimilk rabbit serum. Antimilk rabbit serum was prepared 
by injecting young rabbits (about 2.5 kilos) with alum-precipitated milk proteins 
(0.5 ml. of raw skimmilk, 0.3 ml. of physiological saline, 0.1 ml. of 10% potassium 
aluminum sulfate, and 0.1 ml. of 0.5 N sodium hydroxide per dose). For six 
consecutive weeks, daily subcutaneous injections were given on the first four 
days of the week. One week after the last injection, the bleeding schedule was 
started. Every other day, 35 ml. of blood was removed using cardiae puncture; 
on the sixth bleeding, the rabbits were completely exsanguinated. The sera were 
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pooled and stored in the refrigerator with 0.5% phenol and 0.01% merthiolate as 
preservatives. 

Guinea pigs. For gross anaphylaxis measurements, male and female guinea 
pigs (Ziemet Bio-Farms, Madison, Wisconsin), weighing approximately 280 to 
320 g., were used. For the Schultz-Dale technique, or measurements on uterine 
strip contraction, the young virgin female guinea pigs used were from the same 
supplier and in the same weight range. These female guinea pigs were passively 
sensitized by injecting 1.0 ml. of the antimilk rabbit serum into the accessory 
cephalic vein from 16 to 20 hr. prior to challenging in the Schultz-Dale apparatus. 

Schultze-Dale technique. The Schultz-Dale apparatus and the technique for 
measurement of uterine strip contractions, obtained by challenging sensitized 
uterine strips with histamine and milk proteins, is described elsewhere by Linder 
et al. (15) and Coulson (6). 

Gross anaphylaxis measurements. Male and female guinea pigs were passively 
sensitized by intraperitoneal injections of 0.5 ml. of antimilk serum. After 48 hr., 
the animals were challenged with a series of control (unirradiated raw skimmilk ) 
samples and gamma-irradiated milk samples. The challenging doses consisted 
of diluted milk solutions, ranging in concentration from 10 to 3,200 pg. of protein 
nitrogen per injection. The injection was into the accessory cephalic vein of the 
animal. The time was recorded for first appearance of symptoms (sneezing, 
rubbing of nose, reddening of ears, bronchial constriction, or labored breathing, 
ete.), degree of anaphylactic response, and time of death if response was fatal. 
The mean lethal shocking dose (1.s.d.59) was calculated from the number killed at 
each dose level, using the method of probit analyses as described by Finney (9). 


RESULTS 

Measurements of the contraction of sensitized uterine strip, challenged with 
histamine or irradiated milk samples (Schultz-Dale technique), were compared 
with similar contractions recorded on the kymograph for the unirradiated milk 
samples. Contractions for histamine and control (raw milk) were taken as 100%, 
and the responses observed for the irradiated samples were recorded as per cent 
response of this reference material. The mean responses for the gamma-irradi- 
ated milk varied from 102.0% for both the 0.465 and 2.79 megarad samples to 
85.9% for the 9.30 megarad sample (Figure 1). The 5.58 megarad sample pro- 
duced a contraction which was 93.1% of that for raw skimmilk. 

Upon desensitizing the uterine strip with gamma-irradiated milk protein, 
making measurements on each sample at specific radiation dose, the cross- 
challenge response with raw milk protein produced contractions ranging only 
from 0 to 19.4%, as shown in the lower curve in Figure 1. The upper descending 
curve in Figure 1, reflecting the initial response, and the lower ascending curve 
and the ecross-challenge response yield evidence that the lower radiation doses do 
not significantly alter milk protein. However, at the higher dose of 9.30 megarads, 
an alteration in the milk protein molecule becomes quite evident. 

Paralleling these observations with the uterine strip contractions are the 


mean lethal shocking dose (1.s.d.59) values, obtained on unirradiated and irradi- 
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TABLE 1 


Mean lethal shocking dose (1.s.d.co) for milk-sensitized guinea pigs challenged with 
gamma-irradiated, concurrent radiation-distilled* and raw skimmilk 








l.s.d.so ug. pro- Approximate 
Radiation dose No. of tein N per ratio control 
Series 10° rads guinea pigs 0.5-ml. dose vs. irradiated 
l 0 66 ee | 
0.475 66 29> 4 1: 0.8 
2 0 77 322 4 
2.79 87 64+ 11 1: 2 
3 0 64 69+ 16” 
5.58 50 602+270 1: 9 
4 0 60 37+ 4 
9.30 55 1,157+422 1:31 
Values of concurrent radiation-distilled milk 
5 0 68 25+ 4 
9.30 71 131+ 23 1: 5 


* Whole milk irradiated w 


ith Cobalt” source and coneurrently distilled for removal of 


off-odors and -flavors at Department of Food Technology, Massachusetts Institute of Technology. 
» Stock of antisera had lower antibody titer. 
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ated milk samples in the gross anaphylaxis experiments. As the irradiation dose 
inereased, the ls.d.s9 values increased from an initial value of 36 +7 ug. of 
protein nitrogen per 0.5 ml. dose for the control raw milk (0 megarad) to 
1,157 + 422 ug. of protein nitrogen per 0.5 ml. for the 9.30 megarad sample, as 
noted in Table 1. 

The concurrent radiation distillation technique developed by Wertheim and 
coworkers (19) has provided an irradiated milk product which is quite accept- 
able, in that the undesirable properties of off-flavor and -odor virtually have been 
eliminated. A 9.30-megarad sample provided by this group from the Massachu- 
setts Institute of Technology was tested in the gross anaphylaxis experiments. 
The mean lethal shocking dose for this product, when tested on milk-sensitized 
guinea pigs, was 131 + 23 ug. of protein nitrogen per 0.5-ml. dose. 


DISCUSSION 


In the Schultz-Dale technique, the means for the initial and cross-challenge 
response (Figure 1) did not seem to reflect as extensive protein alteration for 
raw skimmilk caused by gamma-irradiation as that observed in the 1|.s.d.59 values 
reported in the gross anaphylaxis experiments (Table 1). As to the differences in 
the l.s.d.s9 values for the 9.30 megarad gamma-irradiated milk sample and the 
coneurrent radiation-distilled product (Table 1), it is possible that in the latter 
case the distillation process removes volatile but reactive compounds from the 
milk along with the flavor and odor components. The reactive compounds thus 
are prevented from reacting with the protein molecules. Hence, the degradation 
of the protein can be decreased and, in turn, the biological response of this ir- 
radiated product may be reduced. The protective effect, if any, of fat on the 
proteins of whole milk would not be enough to prevent any degradation of 
protein by ionizing radiation. 

Extensive molecular alteration in skimmilk protein can be effected by ionizing 
radiation, as evidenced by the change in the anaphylactogenic properties of this 
protein when tested on milk-sensitized guinea pigs. Chemical and physical 
measurements made on these proteins in this laboratory, and to be reported else- 
where, give support to these findings on the biological properties of unirradiated 
and irradiated milk protein. Beyond a radiation dose of 2.79 megarads, the 
molecular alteration appears to be more extensive. 

The extensive molecular alteration produced by irradiation, while quite 
effective in reduction of anaphylactogenic properties, also produces a browning 
of the product and certain off-odor and -flavor compounds. An acceptable product 
is provided, however, by vacuum distillation during or immediately following 
irradiation. 

These studies on the biological properties of gamma-irradiated milk proteins 
not only provide important data on the extent of biochemical alteration of protein 
produced by ionizing radiation but also offer a convenient method for transform- 


ing food proteins into ones having reduced allergenic properties. Further clinical 
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studies with humans who are allergic to milk protein would seem to be warranted 
on the basis of these investigations. 

It has been shown by Barron (1) and Fricke (10) that low doses of ionizing 
radiation make certain proteins more labile to heat denaturation. The combina- 
tion of heat and radiation processing of milk protein might, therefore, be profit- 
ably explored. 
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FACTORS AFFECTING THE pH OF SKIMMILK COAGULATION 
BY LACTIC CULTURE! 


D. B. EMMONS,’ W. V. PRICE, ann A. M. SWANSON 
Department of Dairy and Food Industries, University of Wisconsin, Madison 


SUMMARY 


The A-C (acid-coagulation) test measures the stage of gel formation in aecid- 
coagulated skimmilk at which the gel will first shrink and expel whey when cut with 
a knife. This test was chosen to study certain factors influencing the pH of coagula- 
tion of skimmilk by action of lactic culture. The rate of acid development and the 
use of different commercial lactic cultures did not affeet the pH at the A-C end-point. 
Inereased amounts of rennet added early in the fermentation process caused the skim- 
milk to coagulate at progressively higher pH values, but very small additions had little 
or no effeet. Different skimmilks did not respond alike to variations of rennet. Addi- 
tions of chloride salts of caleium and sodium decreased the pH at the A-C end-point 
more than did monosodium phosphate or a mixture of “milk salts’”’ when all were added 
to inerease the ionie strength by 0.10 at pH 4.70. The pH at which the A-C end-point 
oceurred decreased as the total solids in reconstituted nonfat dry milk increased, 
probably because of the greater ionic strength of milk salts in reconstituted nonfat 
dry milk with high total solids. Heat treatments of skimmilk which denatured whey 
proteins resulted in an increase in the pH at which the A-C end-point occurred. 


There are few data in the literature concerning the coagulation of skim- 
milk by acid while the acid is being produced by a lactic culture. Such knowl- 
edge would seem to be essential for a fuller understanding of the manufacture 
of cottage cheese, because body characteristics of this cheese depend mainly on 
this method of coagulating skimmilk. 

Thurston and Barnhart (14) investigated the effects of heating skimmilk 
on the pH of coagulation by lactic cultures. As the heat treatments of the 
skimmilk progressed from 145 to 198° F. for 30 min., they found that the pH 
of coagulation increased from 4.60 to 5.03. They believed that this was caused 
by the effect of heat on the casein. 

Sommer (12) found that most whole milk samples curdled between pH 4.75 
and 4.90 upon the slow addition of dilute acid. 

Price (9) showed that the titratable acidity of the whey from newly coagu- 
lated curd decreased as the level of rennet was increased in the production of a 
rennet-acid-coagulated cottage cheese curd. 

It is the purpose of this investigation to explore further the factors that 
influence the pH at which skimmilk coagulates. 


EXPERIMENTAL PROCEDURES 
The exact coagulation point of quiescent skimmilk by acid is indefinite. The 
acid coagulation (A-C) test (3) simplifies the problem of trying to identify 
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this end-point by showing, with considerable accuracy, that time when whey is 
first visible in the newly formed gel which has been cut with a knife. Curd 
tension measurements at the A-C end-point with the Cherry-Burrell apparatus 
(2) approximate from 2 to 4 g. The A-C test was devised to determine the 
optimum time for cutting cottage cheese (3). In this paper, the A-C test and 
the A-C end-point will be used to indicate coagulation of skimmilk by lactic 
culture fermentation only. 

Since the A-C end-point depends on the properties of the curd at the surface, 
it is important that acid development be uniform throughout the test sample; 
acid development, therefore, was checked by measuring pH at different levels 
in the A-C test beaker. 

Determinations of pH were made at 32° C. with a Beckman Model G pH 
meter, using an external glass electrode (Catalog No. 1190-80) and an external 
sleeve-type saturated calomel reference electrode. Unless otherwise stated, a 
temperature of 90° F. was used throughout these experiments for incubation 
and coagulation. Lactic culture was added at the rate of 5% to skimmilk in 
250-ml. beakers, except where 1% was specified. 


RESULTS AND DISCUSSION 


Effect of the rate of acid development on the pH at the A-C end-point. The 
rate of acid development in skimmilk by a lactic culture was decreased by adding 
critical amounts of penicillin. When 0, 0.10, 0.16, and 0.19 units of penicillin 
were added per milliliter of skimmilk, the pH values at the A-C end-point were 
4.73, 4.72, 4.72, and 4.73, respectively; the elapsed times from the addition of 
culture to the A-C end-point were 4.2, 4.4, 4.8, and 5.9 hr., respectively. 

Time of coagulation was also prolonged by over-ripening the culture used 
for inoculating the skimmilk. The time required for coagulating the skimmilk 
inereased from 4.1 hr., when using the normal culture, to 4.5 hr. when using some 
of the same culture, after holding it at 72° F. for an additional 7 hr. beyond 
the normal ripening period of 15 hr. The pH values of the coagulation at the 
A-C end-point were 4.75 and 4.73, respectively. 

Rate of acid development did not appear to influence the pH at the A-C 
end-point of the skimmilk curd; under the conditions of these trials. 

Effect of different lactic cultures on the pH of the curd at the A-C end-point. 
The effect of 15 commercial lactic cultures on the pH of the curd at the A-C 
end-point was determined on five lots of skimmilk obtained from the mixed milk 
of herds supplying the dairy manufacturing laboratory of the University of 
Wisconsin. Two to five determinations were made with each culture, or a total 
of 66 observations over a period of five days. An analysis of variance between 
cultures in a completely random design is shown in Table 1. There was no sig- 
nificant difference in the pH at the A-C end-point in curd formed by the 
different cultures; the mean pH of the 66 observations was 4.763, with a pooled 
standard deviation of +0.017. 

Ejfect of rennet on the pH of coagulation of skimmilk containing an actively 


growing lactic culture. The addition of increasing amounts of rennet to skim- 
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TABLE 1 


Analysis of variance for the effeet of 15 different commercial lactic starters on the pH at the 
A-C end-point. Two to five replicate observations of pH were made for each 
culture for a total of 66 observations 


Source of 








Degrees of Mean 
variation freedom square 
Starters 14 0.0001702 
Measurements of pH 51 0.00030647 
Totals 65 


F = 0.555, not significant at 95% level of probability 











milk containing lactic culture caused the skimmilk to coagulate at progressively 
higher pH values. Samples of two different lots of fresh, pasteurized skimmilk, 
A and B, to which lactic culture had been added, were treated with various 
amounts of rennet. The time of coagulation was arbitrarily taken as that point 
detected by cutting the newly formed rennet-acid coagulum and noting the 
time when free whey first appeared, as is done in the A-C test. Figure 1 shows 
the relationship between pH at coagulation and amount of rennet added. Very 
small amounts of rennet, at levels of approximately 0.1 ml. per 1,000 Ib. of 
skimmilk, did not significantly affect the pH of coagulation by the lactie culture, 
but increasing amounts of rennet, as would be expected, caused the skimmilks 
to coagulate at higher pH values. 

The lots of skimmilk used did not react alike to rennet in this rennet-acid 
coagulation. The coagulum formed by Lot A released whey at a higher pH 
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Fig. 1. The effect of rennet on the pH of curd at coagulation of two different lots of 
skimmilk, A and B. Rennet and laetie culture were added at the same time. The first ap- 
pearance of whey in cuts made in the newly formed gel was taken to be the time of coagulation. 





592 D. B. EMMONS, W. V. PRICE, AND A, M. SWANSON 


value than did that from Lot B after adding identical amounts of rennet. There 
was no difference in the rates at which acid developed in these two lots of milk. 
Apparently, the influence of the milk supply itself upon the efficiency and 
effeets of rennet action must be recognized as an important variable in the mak- 
ing of cottage cheese. 

Influence of total solids and added salts on the pH at the A-C end-point. 
Figure 2 shows the relationship between total solids of skimmilk reconstituted 
from low-heat nonfat dry milk and pH at the A-C end-point. As the total solids 
increased, the pH at the A-C end-point decreased. The effect would seem to be 
caused by the concentration of milk salts. The validity of this explanation was 
tested by adding certain salts and mixtures of salts to skimmilk, to ascertain 
their influence upon the pH of the coagulum at the A-C end-point 

These trials were made by adding these salts and the mixture of salts to 
skimmilk in amounts calculated to increase the ionic strength by 0.10 at pH 
4.70. The skimmilk used in each trial was divided into five portions. A different 
salt was added to each of three portions. To a fourth portion was added a mix- 
ture of salts combined to simulate the composition of milk salts as proposed by 
Sommer (13). The salts used alone were: NaHsPO,4-HeO; CaClo-2H.O; and 
NaCl; these were added, in the order named, at the rates of 13.80, 4.90, and 
5.85 g. per liter. 

The milk salts were simulated by adding to each liter of the fourth portion 
of skimmilk the following: 2.290 g. Nag citrate-5H.O; 1.116 g. K2gHPO,; 0.361 g. 
KCl]; 0.527 g. MgClo-6H20O ; 0.534 g. CaClo-2H.O; 1.118 g. Ca(OH )o, and 4.064 g. 
85.1% lactie acid. The lactic acid and Ca(OH)». were mixed and added while 
still hot and fluid. 

From the graphs of Wilkowske (15) it was estimated that an increase in 
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titratable acidity of 0.6%, due solely to lactic acid, would decrease the pH of 
Sommer’s simulated skimmilk (approximately 9.4% S.N.F.) to 4.70. The ionie 
strength of this skimmilk at pH 4.70 was calculated to be 0.175; for this caleu- 
lation, it was assumed that all of the milk salts were freely dissociated at this 
pH of 4.70. It was next assumed that the addition to a skimmilk of the simulated 
milk salts, in amounts which have been described above, would increase the 
ionie strength of that skimmilk 0.10 at pH 4.70. This last assumption would be 
true if the total lactic acid content were increased in exactly the same proportion 
as the other salts after the lactic culture had decreased the pH to 4.70. Finally, 
since casein and whey proteins were not added with the milk salts, the buffer 
capacity would not be increased proportionately, even though a proportionate 
amount of lactic acid were added. When compared to the control lot of skim- 
milk containing no added salts, the titratable acidity of the lot with the added 
simulated milk salts would not necessarily have increased at pH 4.70 by an 
amount proportional to the added salts. 

Table 2 shows the pH values at the A-C end-point for skimmilk to portions 
of which were added the various salts at rates calculated to increase the ionic 
strength by 0.10 at pH 4.70. The salts added alone and the milk salts all lowered 
the pH at the A-C end-point, but each affected differently the pH at that point. 

Sodium chloride and calcium chloride lowered the pH at the A-C end-point 
more than the other two additives. It would appear that chloride ions had a 
greater effect than calcium, sodium, or phosphate ions. 

The effects noted in this experiment parallel the observations of Rowland 
(10), concerning the effects of increased concentration of buffering salts in 
lowering pH ranges of minimum solubility for casein. 

These effects also parallel the results of electrophoretic experiments by 
Longsworth and Jacobsen (7), which showed that increases in ioni¢e strength 
resulted in decreases in the isolectrie point of 8-lactoglobulin and bovine serum 
albumin. Certain ions, such as chloride ions, resulted in greater decreases in 
the isoelectric point than other ions, such as acetate ions, at the same ionic 
strength. They attributed the lowered isoelectric points to increased net nega- 
tive charges on the protein which, in turn, were due to (a) the Debye-Huckel 
ionic strength effect of increasing the hydrogen ion dissociation of ionic groups 
on the protein, (b) the binding of certain anions by the protein, and (c) any 


TABLE 2 


The pH at the A-C end-point in skimmilk containing different salts added at rates 
ealeulated to raise the ionie strength 0.10 at pH 4.70 


Salts added to 





increase ionic 95% 
strength by 0.1 No. of pH at A-C Confidence 
at pH 4.70 observations end-point limits 
Control 6 4.82 +.013 
Milk salts s 4.74 .023 
NaH:PO, 6 4.73 .016 
CaCl. 8 4.66 .015 


NaCl 8 4.64 021 











594 D. B. EMMONS, W. V. PRICE, AND A. M. SWANSON 


effect these bound ions might have on hydrogen ion dissociation of ionic groups 
of the protein. 

Binding of chloride ions by casein would explain the greater effect of chloride 
ions on the A-C end-point than the other ions. Linderstrom-Lang and Kodama 

6) presented data indicating chloride binding by casein and decreases in the 
pH range of minimum solubility of casein in the presence of increased amounts 
of sodium chloride. 

From the data in Table 2, and the literature just cited, it appears that the 
pH at the A-C end-point is affected by ionic strength and by specific ions in the 
same way as these two factors affect the isoelectric points of proteins. By infer- 
ence, one might conclude that the pH at the A-C end-point is related to the 
isoelectric point of casein micelles in skimmilk. 

It appears that much of the decrease in pH at the A-C end-point of skim- 
milks which are reconstituted with increasing amounts of total solids is due to 
the increased ionic strength of milk salts in solution. The ionic strength of Som- 
iner’s (13) skimmilk at pH 4.7 was estimated to be 0.175 in skimmilk of 9.4% 
total solids. An increase in total solids from 9.4 to 14.7% would then be equiva- 
lent to an increase of about 0.10 in ionie strength. Figure 2 shows that such an 
increase in total solids would be accompanied by a decrease of 0.12 pH units at 
the A-C end-point, as compared to a decrease of 0.08 pH units obtained with 
the added milk salts (Table 2). This comparison is justified only by the assump- 
tion that the nonfat dry milk which was used had the same salt composition 
in the total solids as did Sommer’s skimmilk, and that the increased casein con- 
tent of the nonfat dry milk reconstituted at the higher total solids had no effect. 

Effect of heat treatments of skimmilk on the pH at the A-C end-point. The 
experiments of Thurston and Barnhart (14) on the effect of the heat treatments 
of skimmilk on the pH of the coagulation by a lactic culture were repeated, 
except that the A-C end-point was used as the index of coagulation. In these 
trials, skimmilk was heated for 30 min. at temperatures ranging from 145 to 
205° F. The pH at the A-C end-point increased as the temperature used for 
heating the skimmilk was increased; the increase became apparent after heat 
treatment to 155° and reached a maximum in curd from milk pasteurized at 
185° F. for 30 min. There was little further change in the pH of curd at the 
A-C end-point when the heat treatments of the milk exceeded 185° F. These 
results confirmed the earlier work (14), but suggested that denaturation of the 
whey proteins was involved in the shift of pH at coagulation instead of a heat 
effect on the casein, as Thurston and Barnhart proposed. 

To test this hypothesis, a synthetic skimmilk containing no whey proteins 
was prepared, using the method of Grindrod et al. (5). This simulated skim- 
milk was subjected to the heat treatments of the experiment just described and 
coagulated by action of lactic starter. The A-C end-point occurred at the same 
pH in the unheated control as it did in other portions of the same synthetic 
milks heated as high as 185° F. for 30 min. 

As a further test of this hypothesis, the effect of denatured whey proteins 
was determined by using synthetic skimmilks made to contain varying amounts 
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of casein and whey proteins. Two series of these skimmilks were prepared. In 
the first series, freeze-dried whey proteins were added at levels of 0.32, 0.63, 
0.94, and 1.25% to a 2.6% casein sol produced by the Grindrod technique. In 
the second series, whey proteins were added at a level of 0.63% to casein sols 
containing 1.3 and 5.2% casein, respectively. 

Portions of each synthetic skimmilk were heated as follows: (a) unheated 
control, (b) 165° F., for 30 min., and (c) 185° F. for 30 min. In addition, 
five portions of those samples containing 2.6% casein and 0.63% whey proteins 
were heated to 140, 150, 160, 170, and 175° F., for 30 min., respectively. This 
vave 16 heated samples to be compared with six unheated samples; the 17th 
sample, which contained 5.2% casein, could not be used because it coagulated 
when heated to 185° F. for 30 min. 

After the heat treatment, each sample of synthetic skimmilk was analyzed 
for acid-precipitable fraction, undenatured whey proteins, and nonprotein nitro- 
ven (10). The Kjeldahl-Wilfarth-Gunning method (1) with the borie acid 
modification (8) was used for nitrogen determinations. The pH was determined 
at the A-C end-point on curd formed from each sample by inoculating with 1% 
lactic culture. Limiting the use of culture to 1% limited as much as possible 
the effect of the heated proteins in the culture. Yeast extract was added at the 
rate of 0.167 to obtain more rapid acid development in the synthetic milk. 

A correlation of 0.93 was obtained between milligrams of denatured whey 
protein nitrogen per 100 ml. of synthetic skimmilk and the increase in pH at 
the A-C end-point of coagulation of the heated skimmilk over that of the un- 
heated control at the same end-point. A correlation of 0.97 was obtained between 
the ratio of denatured whey protein nitrogen to casein nitrogen and the increase 
in pH at the A-C end-point. This latter relation is shown in Figure 3. It can be 
concluded that the increase in the pH at the A-C end-point in heated skimmilk 
over that of the unheated control is related to the amount of denatured whey 
proteins in heated skimmilk. 

This effect of the denatured whey proteins on the pH of coagulation of 
overheated skimmilk is an interesting one. The increased pH at coagulation 
suggests that an entirely different protein system is forming the curd from this 
overheated skimmilk; casein and denatured whey proteins apparently form this 
gel instead of only the various fractions of casein. 

It would appear that the A-C end-point marks the same degree of curd 
strength and rate of syneresis at the upper side of the pH range of minimum 
solubility of not only casein in unheated skimmilk but also of the casein plus 
denatured whey proteins when the latter are present. 

The A-C end-point has been used to determine the cutting time for cottage 
cheese from skimmilks that had been given different heat treatments (4). Whey 
was expelled at approximately the same rate when the several lots were cut at 
the A-C end-point. It is reasonable, therefore, to conclude that after such varied 
heat treatments the A-C end-point occurs at acidities and stages of gel forma- 
tion that permit comparable rates of syneresis during the heating operation of 
cottage cheese manufacture. 
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Fig. 3. The relation between the increase in pH at their A-C end-point of the heated 
over the unheated control, and the ratio of denatured whey protein nitrogen to casein nitrogen 
in synthetic skimmilks. (Pereentages of whey protein of 0.32, 0.63, 0.94, 1.25, 0.63, and 0.63 
shown in Figure 3 in that order were associated with 2.6, 2.6, 2.6, 2.6, 1.3, and 5.2% casein, 


respectively. 


Rudnick (11) showed a marked reduction in whey-expelling properties of 
curd from overheated skimmilk that was cut at the same pH as the control lot 
of curd from pasteurized skimmilk. It now appears that these decreased whey- 
expelling powers were probably caused by cutting the curd at pH levels far 
below those at the A-C end-point. This may be inferred from the krown effect 
of reduced rates of whey expulsion by curd from pasteurized skimmilk when 
the pH at cutting is too low. 
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HERITABILITY OF THE LENGTH OF THE GESTATION 
PERIOD IN DAIRY CATTLE! 


J. C. DEFRIES, R. W. TOUCHBERRY, anp R. L. HAYS 


Department of Dairy Science, University of Illinois, Urbana 


SUMMARY 


The data for this study consisted of 2,063 gestations representing the five major 
breeds of dairy cattle in the University of Illinois herd. These data were analyzed to 
determine the heritability and the variance of the length of the gestation period, so as 
to indicate the possibility of shortening the duration of pregnancy in dairy cattle. 
A comparison of the fiducial limits of the duration of pregnancy of each of the five 
breeds indicated breed differences in all possible comparisons, except between Jerseys 
and Holstein-Friesians. The effect of sex of fetus and the variance components for 
service sire and sire of the dam were estimated. The effects of the sex of the fetus of 
Ayrshires, Holstein-Friesians, and Jerseys were statistically significant and, in general, 
the male calves were carried about 1.5 days longer than the females. 

Heritability was estimated by multiplying the paternal half-sib correlation by four 
and by doubling the regression of offspring on dam. The paternal half-sib estimate of 
heritability refers to gestation as a characteristic of the fetus, whereas the regression 
estimate refers to gestation both as a characteristic of the fetus and of the dam. The 
pooled estimates for the five breeds by the two different methods were 0.420 and 0.474, 
respectively. A comparison between the two heritability estimates, as well as a com- 
parison of these estimates with repeatability estimates, demonstrated that the length 
of the gestation period was primarily a characteristic of the fetus. 

Regressions of birth weight on the length of the gestation period indicated that 
ealves carried one day less than average are approximately 1 lb. lighter than average 
at birth. It was predicted that the mean length of the gestation period would be 
decreased by almost ten days in three generations, if 5% of the male and 50% of the 
female calves resulting from the shortest gestations were saved as breeding stock. 
Experimentation is necessary to determine if any deleterious effects would be asso- 
ciated with this change. 





Several investigators have reported estimates of the heritability of the length 
of the gestation period in cattle (4, 7, 8,9). These estimates are quite variable and 
range from 0.00 to 0.64; however, the majority of the estimates fall within the 
range of from 0.30 to 0.50. Jafar et al. (4) and Wheat and Riggs (9) have indi- 
cated that it should be possible to change the length of the gestation period in 
cattle by selection because of the magnitude of the heritability of the characteristic. 

A shorter gestation period would be of economic importance in maintaining a 
short calving interval. It could be of some importance in shortening the genera- 
tion interval, thereby permitting a more rapid improvement of cattle through 
selection. The feasibility of changing the length of the gestation period is dic- 
tated by the ease and rapidity with which the length may be altered, as well 
as the frequency and magnitude of any deleterious effects which may accompany 
the change. The primary objectives of the present study were to determine the 
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phenotypic and additive genetic variances of the length of gestation periods. 
With these parameters, one can indicate the possibilities of shortening the length 
of the gestation period in dairy cattle. 


SOURCE OF DATA 

The data were obtained from breeding records of the five major breeds of 
dairy cattle in the University of Illinois herd for the years from 1922 to 1955. 
The 2,063 gestations in the sample consisted of 285 gestations involving Ayrshires, 
170 of Brown Swiss, 215 of Guernseys, 1,054 of Holsteins, and 339 of Jerseys. The 
gestation period was considered as the number of days from last service to and 
including the day of calving, but not including the date of last service. All preg- 
nancies resulting in the birth of a single, normal, living calf were included, 
regardless of the duration of pregnancy, whereas all multiple births and stillbirths 
were eliminated from the data. 


ANALYSIS OF DATA AND RESULTS 


Interbreed variation. The data were adjusted for sex of calf within breeds 
and were then examined for breed differences in the length of the gestation 
period. Bartlett’s test for homogeneity of variances as described by Ostle (6) 
was applied to the adjusted data, to determine if the variances of the gestation 
periods of the five major breeds of dairy cattle were homogeneous. After applying 
Bartlett’s test, the hypothesis of homogeneity of the variances was rejected at 
the 0.001 level of probability, indicating that the breeds have different variances 
of gestation length and that in this case the usual F-test of differences between 
means is not an appropriate test of significance. Therefore, the variances for the 
individual breeds were used to attach fiducial limits to the individual breed 
means. The average length of gestation for each breed, with its corresponding 
95% fiducial limits, is presented in Table 1. The fiducial limits overlap only in 
the case of the Jersey and Holstein breeds, which indicates that there are probably 
breed differences in al! other possible comparisons. These findings are essentially 
in agreement with those of Brakel et al. (1), except that in their study of inter- 
breed differences of the duration of pregnancy among the five major breeds of 
dairy cattle it was found that the length of the gestation period of Ayrshires 
was not significantly different from that of Jerseys and Holstein-Friesians. 

Effect of service sire, sire of dam, and sex of fetus on the length of the gestation 


TABLE 1] 


Mean lengths of the gestation period adjusted for sex of fetus with 95% fiducial limits 


No. of Standard Lower Upper 

Breed gestations Mean deviation limit limit 
Ayrshire 285 277.7 4.21 277.2 278.2 
Jersey 339 279.5 5.34 278.9 280.0 
Holstein-Friesian 1,054 279.6 4.98 279.3 279.9 
Guernsey 215 284.7 4.46 284.1 285.3 
Brown Swiss 170 291.5 6.06 290.6 292.5 


2,063 
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period. Henderson’s (3) ‘‘Method 2’’ was used to estimate the variance com- 
ponents for service sire, sire of dam, interaction between service sire and sire of 
dam, and error for each of the five breeds. The following mathematical model was 
assumed to represent the gestation data: 


Yinnt = w+ a + Ob; + aby + CK A Cijxr 


where yj; is the /th gestation of the dam sired by the ith sire and mated to the 
jth service sire, resulting in a calf of the kth sex, » is the mean, a; is the effect 
of the ith sire of the dam (random variable), b; is the effect of the jth service 
sire or sire of the fetus (random variable), ab,; is the interaction associated with 
the ith sire and jth service sire (random variable), c;, is the effect of the kth sex 
of calf (fixed variable), and ¢;;,; is the random error peculiar to each gestation. 

Sire of the dam and service sire equations were absorbed into the sex of fetus 
equations, resulting in a set of equations which were solved so as to obtain the 
sex of fetus fixed effects (presented in Table 2). The following t-test was em- 
ployed to determine statistical significance of the effects: 

es. a 
(BR *et)*/* 
where C,, is the effect of the sex of the fetus on the length of the gestation period, 
K-' is the corresponding element of the main diagonal of the inverse of the 
coefficient. matrix of.the sex equations, and o* is the error variance associated 
with the particular effect being tested. It was found that the effects of sex of 
the fetus on the length of the gestation period of Ayrshires and Holstein-Friesians 
were significantly different from zero at the 0.01 level of probability, that the 
effect of sex of the fetus in Jerseys was significantly different from zero at the 
0.05 level of probability, and that the effect of the sex of fetus on the length 
of the gestation period was not significantly different from zero either in the 
Brown Swiss or in the Guernsey breeds. 

Doubling the effect of sex gives the difference in the length of the gestation 
period for males as compared to females. Males were carried longer in utero 
than were females for each breed, as indicated by the positive male effects. This 
longer duration of pregnancy associated with male calves ranges from 1.00 day 


TABLE 2 
Effect of sex of fetus on length of the gestation period 























Male Female 
Breed Effect* No. of fetuses Effect* No. of fetuses 

Ayrshire 0.99** 140 —0.99** 145 
Brown Swiss 0.61 81 —0.61 89 
Guernsey 0.50 93 —-0.50 122 
Holstein-Friesian 0.73** 518 —0.73** 536 
Jersey 0.65* 191 —0.65* 148 

1,023 1,040 





* Significant at the 0.05 level of probability. 
** Significant at the 0.01 level of probability. 

“The effects are deviations from the mean; thus, Guernsey males are carried one day 
longer than Guernsey females. 
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in the Guernsey breed to 1.98 days in the Ayrshire. These sex of fetus differences 
are approximately of the same magnitude as those reported by Brakel et al. (1), 
in which the male fetus was carried about one day longer than the female. 
Components of variance representing the effects of sire of the dam (07), 
service sire (a7), and interaction (o%,) were derived by calculating appropriate 
sample sums of squares from gestation data adjusted for fixed effects of the sex 
of the fetus and equating these sums of squares to their expectations. These 
components of variance are presented in Table 3. The error component of variance 
was obtained by employing the method of reduction of sums of squares and is also 
presented in Table 3 for each breed and for the within breed pooled estimate. 
Heritability of the length of the gestation period. The percentage of variance 
accounted for by the service sire component of variance represents an estimate 


TABLE 3 


Components of variance 


Sire of Sire of No. of 














Breed the dam the fetus Interaction Error gestations 
Ayrshire 4.19 4.20 -2.41 17.74 285 
Brown Swiss 11 6.60 —§33 36.78 170 
Guernsey 2.23 3.42 2.39 19.85 215 
Holstein-Friesian 70 1.10 —0.04 24.78 1,054 
Jersey -1.40 6.47 3.18 28.54 339 
Pooled estimate 1.25 3.06 -0.31 24.88 2,063 


of the paternal half-sib correlation. Assuming that gestation length is a charae- 
teristic of the fetus, the heritability of the length of the gestation period is ob- 
tained by multiplying this paternal half-sib correlation by four, since the average 
relationship of the offspring within the service sire groups was found to be 
essentially 0.25. The estimates of the heritability of the length of the gestation 
period obtained from the data by using this method are presented in Column One 
of Table 4. The composition of heritability as estimated by this method is as 
follows: 

ea. 


where o% is the component of variance associated with differences between service 
sires and o7 is the phenotypic variance: 0%, equals 14 (07,), the additive genetic 


TABLE 4 
Heritability of the length of the gestation period in dairy cattle 














(4) (Pat. %4-sib corr.) (2) (Reg. of off. on dam) 

No. of No. of No. of 

Breed Heritability gestations service sires Heritability pairs 
Ayrshire .708 285 9 .o2 153 
Brown Swiss .688 170 6 .264 96 
Guernsey A92 215 8 .214 94 
Holstein-Friesian .168 1,054 20 .644 640 
Jersey .704 339 9 .188 142 








Pooled estimate 420 2,063 52 A74 1,125 
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variance of gestation as a characteristic of the fetus plus parts of the epistatic 
variance |1/16(0%,,) + 1/64(07,,,) +, ete.|. The number of A’s in the subscript 
of the epistatic variance indicates the number of nonallelic genes involved in the 
linear by linear epistatie interactions. 

Using all pairs available, regressions of the duration of a pregnancy of the 
dam on the time the dam herself was carried in utero were calculated for each 
breed and for a within breed pooled estimate. It was assumed that yearly varia- 
tion had a negligible influence on gestation length; therefore, the regressions 
were not calculated on an intra-sire or intra-year basis. In cases where a dam was 
remated to an individual service sire, only one of the resulting pregnancies was 
chosen at random to be compared to the time the dam herself was carried in 
utero. Estimates of the heritability of the length of the gestation period obtained 
by doubling the regression of offspring on dam are presented in Column 4 of 
Table 4. The composition of the heritability of the length of the gestation period, 
caleulated by doubling the regression of offspring on dam, is as follows: 

» _ 2(Cov. OD) 
y= _— a 


Pp 


o 


where Cov. OD equals 
Vy (oi ~) + % (on) +% (“isgp) +14 (% ‘ep) + 1/16 (%44 tert 1/16 (744 hand 


+, ete., in which o7,,is the additive genetic variance of gestation as a character- 
istic of the fetus, 07, is the additive genetic variance of gestation as a charac- 
teristic of the dam, and o% is the phenotypic variance of gestation period. 

An observed difference between the regression estimate of heritability and the 
estimate obtained by multiplying the intra-service sire correlation by four may 
be caused by sampling errors, the additive genetic effect of the dam on gestation 
length, the epistatic variance of gestation as a characteristic of the dam, a small 
fraction of the epistatic variance of gestation as a characteristic of the fetus, or 
some combination of these possible causes. The regression estimate includes both 
the additive genetic variance of gestation as a characteristic of the dam and as a 
characteristic of the fetus; whereas, heritability obtained from the intra-service 
sire correlation contains only the latter. In addition, the regression estimate of her- 
itability contains some fraction of the epistatie variance of gestation as a charac- 
teristic of the dam and a part of the epistatic variance (14 Cisne) of gestation as 
a characteristic of the fetus which the estimate of heritability obtained from the 
service sire component of variance does not contain; however, these differences 
in the epistatic variance probably are small. The difference between the pooled 
estimates of the heritability of the length of the gestation period by the two 
different methods is 0.054, and indicates that the fetus contributes almost eight 
times as much genetic variance to gestation length as the dam, if it is assumed 
that the sampling errors contained in the pooled estimates are small. 

The large variability among the heritability estimates listed in Table 4 may 


be caused by sampling errors or real breed differences. The estimates of the 
heritability of the length of the gestation period reported in the literature also 
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are quite variable. However, the two estimates for Ayrshires presented in Table 4 
agree rather closely with the estimate of 64% caleulated by Rollins et al. (7) 
from an offspring-dam correlation presented by Brakel et al. (1). To the authors’ 
knowledge, the heritability of the length of the gestation period of the Brown 
Swiss and Guernsey breeds has not been previously reported, nor has a pooled 
estimate of the five major breeds of dairy cattle. Jafar et al. (4) reported that 
38% of the total variance of the length of the gestation period of Holstein- 
Friesians was accounted for by the additive genetic variance of the dam and 
calf. Stalleup et al. (8) have estimated the heritability of the length of the 
gestation period of Holstein-Friesians and of Jerseys by four different methods. 
The estimates for Holstein-Friesians range from 0 to 20% and the estimates for 
Jerseys range from 0 to 46%. Rollins et al. (7) have found the heritability of the 
length of the gestation period in an inbred Jersey herd to be 30% and they also 
list an estimate of 40%, calculated from an offspring-dam correlation presented 
by Brakel et al. (1) for Jerseys. 

Repeatability. For the previous analyses, the data were listed according to the 
service sire and the sire of the cow that calved. At the same time, all gestation 
periods of the dams of the cows that calved were listed. The repeatability esti- 
mates listed in Table 5 were calculated from the data on these dams; conse- 
quently, only those cows that had daughters that calved were included. The aver- 
age relationship between the progeny of a cow was approximately 0.27, as 

TABLE 5 


Repeatability of gestation periods of the same cow 














Breed No. of cows No. of gestations Repeatability 
Ayrshire 74 259 .204 
Brown Swiss 56 185 147 
Gruernsey 48 199 192 
Holstein-Friesian 255 920 .169 
Jersey 65 266 110 
Pooled estimate 498 1,829 189 





determined by taking an average of all full-sib, five-eighth-sib, and half-sib 
relationships. 

Lush (5) has stated that the repeatability of a characteristic may be con- 
sidered as an estimate of the upper limit of the heritability of the characteristic. 
This statement would seem to require further qualification in the present case. 
In the present case, the numerator for the repeatability fraction would be ex- 
pected to include the hereditary variance of gestation length as a characteristic 
of the dam (o7,,,), 0. 27 of the additive genetic variance of gestation length as a 
characteristic of the fetus (0.27 o7,,), appropriate epistatic components of the 
covariance between the dam and the fetus, and the permanent environmental 
effects. 

If the parts of the repeatability accounted for by o%p) and o%,, 0.054 and 
(0.114, respectively, are subtracted from the estimate of repeatability, 0.189, the 
figure 0.021 is left. From this it appears that permanent environmental effects 
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and nonadditive hereditary effects are of minor importance in influencing the 
length of the gestation period. 

The estimate of repeatability of the length of the gestation periods of the 
same cow, being lower than the estimate of heritability, provides additional evi- 
dence that gestation length is more a characteristic of the fetus than of the dam. 
That the heritability of the length of the gestation period in cattle is larger than 
the repeatability of the gestation periods of the same cow has also been reported 
by Jafar et al. (4) and by Wheat and Riggs (9). 

Correlation and regressions of the length of the gestation period and birth 
weight. Using all data available, correlations and regressions involving birth 
weight and the length of the gestation period were calculated in an attempt to 
determine the effect of a shorter gestation length on birth weight. It is not clear 
which variable is a cause and which is an effect ; therefore, it is not apparent in 
a biological sense which variable should be considered the dependent variable 
and which should be considered the independent variable. The correlation between 
and the regressions involving birth weight and the length of the gestation period 
are presented in Table 6 for each breed and for a within breed pooled estimate. 
These correlations and regressions are in relatively close agreement with those of 
other investigators who have studied this relationship in the five major dairy 
breeds (1, 2, 4, 8) 

Wright (10) has studied the relationship between birth weight and the length 
of the gestation period in the guinea pig and has stated that the two variables 
are highly correlated, but that this correlation does not necessarily indicate a 
causal relationship. Birth weight, according to Wright, is determined by rate 
of prenatal growth and the time at which prenatal life is interrupted by birth. 
Therefore, it is concluded that the correlation between birth weight and the 
length of the gestation period indicates a mathematical relationship and not 
necessarily a causal relationship. Using path coefficients, Wright demonstrated 
that birth weight is influenced to a greater degree by prenatal growth rate than 
by the length of the gestation period. 


DISCUSSION 
The magnitude of the heritability of a characteristic indicates the potential 


effectiveness of selection for the characteristic. The logical time to select for 


TABLE 6 
Intra-service sire, intra-sex, correlation and regressions of the length 
of the gestation period and birth weight 


Corr. between Reg. of Reg. of 

No. of birth wt. and birth wt. on gest. length 

Breed pairs gest. length gest. length on birth wt. 
Ayrshire 149 +0.37 +1.00 +0.14 
Brown Swiss 101 +0.34 +0.75 +0.15 
Guernsey 116 +0.34 +0.75 +0.16 
Holstein-Friesian 510 +0.47 +1.20 +0.18 
Jersey 130 +0.12 +0.23 +0.06 


Pooled estimate 1,006 +0.40 +0.96 $0.16 
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the length of the gestation period would be at birth because, genetically, the 
characteristic is primarily determined by the calf. Offspring resulting from 
pregnancies longer than desired would be discarded and the desirable individuals 
would be reared for breeding stock. Hence, no expense of raising undesirable 
individuals is incurred. This method of selection considers only differences 
between fetuses; therefore, the appropriate heritability estimate required to 
predict selection progress when selecting at birth contains only the additive 
genetic varianee of gestation as a characteristic of the fetus. 

The change in the mean of a characteristic of a population may be predicted 
if heritability and phenotypic variance have been calculated and a selection 
intensity has been specified (5). The prediction formula is as follows : 

Ap = (h?) (2/b) (op), 


where Ap is the expected change in the mean of the population, 4? is the herit- 
ability of the characteristic, z is the height of the ordinate at the point of trunca- 
tion of the normal curve, b is the fraction of the population saved, and o, is the 
phenotypic standard deviation of the characteristic. If 50% of the female and 
5% of the male calves resulting from births following the shortest pregnancies 
are saved to maintain herd numbers, it is predicted, by substituting the appro- 
priate values into the above equation, that in one generation of selection the aver- 
age length of the gestation period may be shortened by 3.23 days, or may be 
shortened approximately ten days if selection for a shorter duration of pregnancy 
were continued for three generations. Heritability and phenotypic variances 
could either increase or decrease in the next few generations as selection pro- 
gressed. Thus, it would be difficult to predict accurately the change in the length 
of the gestation period if selection is continued for more than two or three 
gvenerations. 

The pooled regression of birth weight on the length of the gestation period 
indicates that calves carried one day less than average are almost 1 lb. lighter 
than average at birth. Continued selection for a shorter duration of pregnancy 
may result in a sizably changed mean length of gestation and a correspondingly 
reduced birth weight. However, Wright (10) found that prenatal growth rate 
is more important than gestation length in determining birth weight of the 
guinea pig. Therefore, selecting both for a more rapid prenatal growth rate and 
for a shorter duration of pregnancy may result in the birth of normal-sized and 
normally developed calves following relatively short pregnancies. 

The results of this study indicate that the length of the gestation period may 
be shortened by selection, but that the magnitude of the change that is possible 
afer three or four generations of selection can be determined only by experi- 
mentation. Experimentation is also necessary to evaluate the magnitude of any 


deleterious effects accompanying a shorter duration of pregnancy. 
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Department of Dairy Science, University of Illinois, and 
Dairy Cattle Research Branch, USDA, Urbana 


SUMMARY 


sody weights and five body measurements of 50 to 87 purebred Holsteins, purebred 
Guernseys, and reciprocal Holstein-Guernsey crosses were determined and recorded at 
3, 6, 12, 18, 24, 30, 36, and 48 mo. of age. Purebreds and crossbreds were produced by 
alternate purebreeding and crossbreeding within a group of purebred Holstein and 
Guernsey foundation animals. The data were analyzed by the method of least squares 
to provide unbiased estimates of the effeets of system of mating, breed of dam, and 
breed of sire. The mean of the crossbreds exceeded that of the purebreds for all six 
measurements, at all ages, except for height at withers at 6 mo. of age. For body 
weight, heart girth, and paunch girth, which are largely measures of fleshiness, the 
differences between crossbreds and purebreds were significant at 18 and 24 mo. of age 
and also at 12 mo. of age for heart girth. For depth of chest, height at withers, and 
length of body, which are largely measures of skeletal development, the differences 
were not significant at any age. The significant effects associated with system of 
mating in the measurements of degree of fleshiness indieate a definite heterosis at the 
ages of 18 and 24 mo. The data also suggest a differential action of the heterosis, such 
that increased heterozygosity apparently does not significantly increase the nonadditive 
genetic effects upon skeletal measurements, but does significantly increase rate of 
growth in measures of fleshiness to about 2 yr. of age. The breed of dam effect (the 
difference between progeny of Holstein dams and progeny of Guernsey dams) was 
significant at all ages for every measurement and was consistently larger than the 
breed of sire effect (the difference between progeny of Holstein sires and progeny of 
Guernsey sires). The latter effect became significant generally after about 12 mo. of 
age. This difference between the effects of breed of sire and breed of dam could be due 
to genetic differences between sires and dams of the same breed, but also suggests the 
possibility of an important prenatal environmental effect which persists from birth 
to maturity. The relative sizes of the effeets of system of mating, breed of sire, and 
breed of dam indicate that, for all measurements, additive genetic factors are the 
predominant genetie influences upon rate of growth. 


The remarkable improvement which has been obtained in other species of 
livestock through crossbreeding has led to renewed interest in this system of 
mating as a method for improving dairy cattle. In other species, most of the 
economic gain due to crossbreeding has resulted from more rapid and more 
efficient growth by the crossbred individual. More rapid and more efficient 
growth is of some economic importance in dairy cattle also. For this reason, it 
is of interest to determine the effects of crossbreeding on rate of growth as 
well as on the traits of primary economic importance, production of milk and 
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butterfat. The objective of the present study was to estimate and appraise those 
contributions to the rate of growth of crossbred and purebred dairy heifers which 
are attributable to additive genetic effects transmitted by the breeds being 
crossed, and to nonadditive genetic effects resulting from interaction between 
the breeds crossed. 

Previous studies of the effects of crossbreeding on rate of growth in dairy 
cattle have suggested the nature of the effects to be expected. The earliest in- 
vestigation of crossbreeding which included a study of growth was initiated 
at the University of Wisconsin in 1912, and the results reported by Cole and 
Johansson (3) in 1948. An analysis of heart girths during growth indicated that 
12 F, reciprocal Holstein-Angus crossbreds were consistently larger throughout 
the period of growth than the midpoint between the averages of three Angus and 
four Holsteins, the dams of these reciprocal crossbreds. This indicates some 
effect due to crossbreeding, but the small number of animals makes a definite 
conclusion impossible. With one exception, Hilder and Fohrman (11) found no 
significant differences in either body weight or skeletal measurements between 
the growth of reciprocal crosses of Holsteins, Jerseys, and Red Danes, and an 
expected value. This expected value was the mean of herd growth standards 
for the parental breeds. The one exception was the cross of Holstein sires on 
Jersey dams, the progeny of which were larger than expected at the ages of 
4 through 9 mo. In the other crosses, the crossbreds were larger through most 
of the period of growth, but numbers were small and the differences were not 
significant. A study of body weights of two- and three-breed crosses involving 
the Holstein, Jersey, Red Dane, and Guernsey breeds by Fohrman et al. (8) 
likewise indicated that the crossbreds were somewhat larger during the period 
of growth than an expected value. However, the number of animals in the 
crossbred groups was too small and the experimental material was not adapted 
for a statistical test for significance of the differences. Since crossbreeding 
effects were confounded with sire differences, and since no suitable purebred 
comparisons were available, no valid conclusions are possible. 

Rathore (15) studied, by analysis of variance of body weight and wither 
height, the effects of crossing Sindhi cattle with various European breeds. Dif- 
ferences between Sindhis and Sindhi crosses and differences associated with the 
various European breeds and proportions of blood of European breeds were 
significant at a number of ages during the period of growth. No significant inter- 
actions between breeds and the probable proportion of genes from given breeds 
were found at any age, however, for either body weight or wither height, indi- 
cating that the genetic effects involved were primarily additive. In another analy- 
sis of Sindhi crosses, McDowell et al. (12) found significant differences in weight 
between Jersey-Sindhi F; crosses and purebred Jerseys in the same herd during 
the early stages of growth, but found that at maturity the crossbreds were not 
significantly different from, or were smaller than, the purebred Jerseys. This 
indicates the existence during growth of a nonadditive genetic effect, due to 


crossbreeding, which is not expressed at maturity. One might infer from these 
studies that crossbreeding may result in some nonadditive genetic effects during 
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the period of growth, but the evidence seems rather inconclusive, due to small 
numbers, confounding of crossbreeding effects with sire differences, or the lack 
of appropriate comparisons with related purebreds of both parental breeds. 

Since crossbreeding and inbreeding essentially act in opposite directions with 
respect to the heterozygosity of a population, the effects of inbreeding on rate 
of growth also give some indication of the effects to be expected from cross- 
breeding. A number of studies of inbreeding in dairy cattle have shown that the 
rate of growth of inbred animals is slower than that of outbred animals, but that 
at maturity there is little or no difference between inbreds and outbreds (1, 14, 
16). In another study, inbred animals were found to be significantly smaller 
than outbreds during growth only in heart girth at 18 mo. of age (21). Two 
studies indicated that the inbreds might even be larger at maturity than the 
outbreds (1, 14). The inference to be drawn from these results is that a decrease 
in heterozygosity tends to decrease the rate of growth, but that size at maturity 
is not markedly influenced. 


SOURCE AND DESCRIPTION OF DATA 

Ammals. The animals from which data were drawn for this analysis were 
first-generation female progeny in the Dairy Cattle Crossbreeding Project at the 
Illinois Agricultural Experiment Station. They included four types of prog- 
eny—purebred Holsteins, purebred Guernseys, and reciprocal Holstein-Guernsey 
crossbreds. The mating plan was so designed that the cows of two purebred 
foundation groups (Holsteins and Guernseys) would be alternately mated to 
Holstein and Guernsey bulls. Each foundation cow thus had an opportunity 
to produce related calves representing both purebreeding and crossbreeding. 
Likewise, each bull sired both purebred and crossbred progeny as contemporaries. 
Through this mating system, the first-generation progeny groups of purebreds 
of both breeds and crossbreds from reciprocal crosses were produced in such a 
way that the crossbreds were related through their dams to one group of pure- 
breds and through their sires to the other group of purebreds. Since all of these 
animals received random samples of the same germ plasm, purebreds and cross- 
breds may be compared without confounding crossbreeding effects with sire 
differences or breed of dam differences. 

A maximum of 87 and a minimum of 50 animals included in the analysis 
were distributed among the progeny groups at various ages, as shown in Table 1. 
All were unselected first-generation daughters of 22 foundation Holstein cows 
and 20 foundation Guernsey cows. They were sired by two Holstein and two 
Guernsey bulls. The average coefficient of relationship between foundation cows 
of the same breed or between bulls and cows of the same breed did not exceed 
0.04 for either breed. The foundation cows and bulls were obtained from the 
University of Illinois herd and from the herds of [Illinois breeders. It should 
be emphasized that the foundation animals were relatively unrelated and only 
very slightly inbred. They were not a random sample, but were a reasonably 
representative sample of purebreds of their breeds in the state of Illinois. 
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TABLE 1 
Numbers of female progeny by age and breed group 


Age in months 
Progeny 





group" 3 6 12 18 24 20 36 {8 
HH 23 27 27 27 27 26 19 13 
GH 19 23 23 23 23 22 20 17 
HG 19 21 21 2] 2] 19 16 10 
GG 1] 16 16 16 16 16 14 10 

Total 72 87 S7 87 87 83 69 50 


*‘HH—Purebred Holstein. 
GH—Crossbred from Guernsey sire and Holstein dam. 
HG—Crossbred from Holstein sire and Guernsey dam. 
GG—Purebred Guernsey. 


The environment was maintained as nearly constant and unbiased as possible 
for all of the progeny groups. All animals in this analysis were raised in the 
same herd, without separation or distinction as to breed or combination ot 
breeds, and under the same relatively high level of feeding and management. 

Veasurements. As criteria of rate of growth, five body measurements and 
body weight were determined at the ages of 3, 6, 12, 18, 24, 30, 36, and 48 mo. 
Three measurements, body weight, heart girth, and paunch girth, were desig- 
nated as measures of rate of growth in flesh. The remaining three, chest depth, 
wither height, and body length, were designated as measures of rate of growth in 
skeletal dimensions. Body weight was determined once at each age and recorded 
to the nearest pound. Heart girth and paunch girth were measured with a tape 
at the smallest circumference of the chest and the largest circumference of the 
barrel, respectively. Chest depth, wither height, and body length were de- 
termined with a caliper. Chest depth was taken at the smallest vertical distance 
from the floor of the chest to the back. Wither height was the vertical distance 
from the floor to the highest point of the withers. Body length was the horizontal 
distance from the point of the shoulder to the rear of the pinbones. The five 
body measurements were determined three times at each age and the determi- 
nations recorded to the nearest millimeter. The values used in the analysis were 
the averages of the three determinations. The advantages of three determinations 
of each measurement, as analyzed and discussed by Touchberry and Lush (19), 
are an increased accuracy of estimate and a check against gross errors in reading 


or recording the measurement. 


ANALYSIS OF DATA 
The data included in this analysis represent essentially 48 distinct sets of 
data, consisting of one set for each of six measurements at each of eight ages. 
The objective of the analysis was to determine from these data the effect of the 
system of mating, i.e., the effect of crossbreeding as compared to that of pure- 
breeding, and the effects of the breeds of the sires and dams upon rate of growth. 


The problem thus required comparisons within each set of data, of the means 
of various classifications of the data, and the testing of the differenees between 
these means for statistical significance. Because the numbers of animals in the 
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various progeny groups were unequal, however, the analysis was carried out 
by the method of least squares to provide unbiased estimates of the effects 
involved. 

The following mathematical model was assumed to represent the data to be 
analyzed : 


} ijkl = be T ay = bj; T Cy T AC, T be ijn T Cijkl 


in which Yj. is the /™ animal in the progeny group produced by the j™ sire 
of the 7 breed when mated to the /'" breed of dam, p» is the mean, a; is the 
effect of the i breed of sire, bj; is the effect of the 7 sire of the 7 breed, 
c, is the effect of the k™ breed of dam, ac; is the effect of mating the 7™ breed of 
sire and the k'® breed of dam or the effect of the system of mating, be;;, is the 
interaction or specific combining ability of the j™ sire of the 7 breed with the 
kt” breed of dam, and ¢;;; is the deviation of the 7 animal of the ijk™ progeny 
group from the mean of that group. It was assumed that all of the variables 
were fixed except ¢;;,;, Which was assumed to be a random variable with a mean 
of zero and a variance of o. One might think of sires within breeds bj; as 


random variables but, since the differences between sires within breeds were 
confounded with years and age of dam, the b;; were considered as fixed variables. 

A general set of normal equations was derived from the model above, and the 
specific sums and coefficients required in the equations were calculated for each 
set of data. Because all of the animals included at any particular age had a 
complete set of six measurements at that age, and because the same number of 
animals was included at the ages of 6, 12, 18, and 24 mo., the 48 sets of data 
could be represented in the left-hand terms of the normal equations by only five 
coefficient matrices. For this reason, the most efficient procedure in solving these 
equations for the least-squares estimates was the method of matrix inversion. 
The application of this model and this method of solution to the analysis of 
several types of data from the Illinois Crossbreeding Project has been presented 
previously by Touchberry (18). 

The nature of the analysis was such that the sum of all of the normal equa- 
tions for any one variable was equal to the sum of all of the equations for any 
other variable. Because of this linear dependence in the normal equations, the 
determinants of the coefficient matrices equalled zero, and matrix inversion 
could not be accomplished without employing certain restrictions on the con- 
stants. It was assumed, therefore, that the sum of the constants within any 
variable was equal to zero. Under the particular conditions of this analysis, it 
could then be assumed that the opposing effects in any variable were equal but 
of opposite sign. The normal equations were reduced by subtracting between 
appropriate equations and terms so that all constants for any variable were 
expressed in terms of only one constant for that variable. The inverses of these 
reduced coefficient matrics were calculated and the least-squares solutions ob- 
tained by application of the inverse matrices in the usual manner. Unbiased 
estimates of the means of the progeny groups were derived by adding appropri- 
ate least-squares estimates of effects, as defined in the mathematical model, to 
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the least-squares estimate of the mean for the entire sample. These estimates 


of the group means are shown in Table 2 and are the same as the actual means 


of these groups. 
TABLE 2 


Meaus of progeny groups 





Age in months 








Measure- Progeny 
ment group" 3 6 13 Is 24 30 36 +8 
Flesh group 
Body HH 220 387 693 951 1166 1236 1273 1408 
weight GH 211 365 661 908 1123 1163 1237 1331 
(lb.) HG 19] 337 621 832 L034 1109 1091 1198 
GG 155 305 535 700 889 955 995 1095 
Heart HH 101 124 154 175 189 192 194 200 
girth GH 101 122 153 173 186 188 193 199 
(em.) HG 96 118 149 168 182 184 185 190 
GG 92 116 142 158 72 177 180 185 
Paunch HH 123 154 187 211 229 232 240 
girth GH 125 154 187 210 229 230 237 
(em, } HG 117 150 183 205 225 225 229 
GG 106 145 174 190 214 218 220 
Skeletal group 
Chest HH 37 46 58 65 70 72 72 77 
depth GH 38 46 57 64 68 70 71 72 
(em.,) HG 36 45 56 62 67 69 7( 71 
GG 35 45 54 60 64 66 67 68 
Wither HH SS 102 118 27 133 135 136 138 
height GH 8Y 101 117 125 130 133 133 13 
(em,) HG 85 98 114 122 127 129 130 131 
GG 83 97 11] 119 123 126 125 126 
Body HH 88 107 130 142 151 155 155 160 
length GH 88 107 129 143 150 154 157 160 
(em.) HG 85 104 125 137 146 148 151 156 
GG 83 103 124 134 142 145 147 152 


*HH—Purebred Holstein. 
GH—Crossbred from Guernsey sire and Holstein dam. 
HG—Crossbred from Holstein sire and Guernsey dam. 
GG—Purebred Guernsey. 


Each least-squares estimate obtained in the analysis described above repre- 
sented a deviation from the mean caused by a particular effect. Since each 
opposing effect was assumed to be equal, but of opposite sign, the differences 
between the effects of Holstein and Guernsey sires, between those of sires of 
the same breed, between those of Holstein and Guernsey dams, and between those 
of purebreeding and crossbreeding could be obtained by doubling the least- 
squares estimates for each of these effects. These differences were tested for 
significance by the ¢ test. 

The standard errors of the above-described differences were calculated as 
twice the square root of the product of the error variance, pooled within indi- 
vidual sire X breed of dam subclasses, times the diagonal element of the inverse 
matrix corrosponding to the particular effect being tested. The differences 


between the contributions by the Holstein and Guernsey breeds of sires, be- 
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tween the Holstein and Guernsey breeds of dams, and between the crossbreeding 
and purebreeding systems of mating, and the levels of significance of these 
differences are shown in Table 3. The differences between sires within breeds 
and the effects of mating a specific sire of one breed to a specific breed of dam are 
shown in Table 4. 

RESULTS AND DISCUSSION 


The means in Table 2 indicate that with only a few exceptions the progeny 
groups rank, for any measurement at any age, in order of decreasing size, pure- 
bred Holstein, crossbred from Guernsey sire and Holstein dam, crossbred from 
Holstein sire and Guernsey dam, and purebred Guernsey. The only exceptions 
are in the comparisons of purebred Holsteins with crossbreds from Guernsey 
sires and Holstein dams. In a number of instances, the crossbreds are as large as 
or larger than the purebred Holsteins. The most striking effect to be observed 
in these means is the consistently large difference between the size and rate of 
erowth of the crossbreds from Holstein dams and that of the crossbreds from 
Guernsey dams. These means reflect the differences between the contributions 
of the breed of sire and the breed of dam. 

The principal objective of this study was to determine the nonadditive 
genetic effects of crossbreeding on rate of growth. Therefore, the differences 
shown in Table 3 between purebreds and crossbreds are the results which are of 
primary interest. The differences for the skeletal measurements show an ex- 
tremely consistent pattern. The only significant difference at any age for any 
skeletal measurement is for body length at 36 mo. None of the other differences 
are significant and few approach significance. It would seem logical, therefore, 
to dismiss the one significant difference as chance or sampling error and to 
conclude that, although the crossbreds are consistently larger than the purebreds 
in these measurements, the general effect of crossbreeding on skeletal growth 
is too small to be either of practical or of statistical significance. 

The results with respect to the flesh measurements are of a somewhat differ- 
ent nature. Without exception, the crossbreds are larger than the purebreds for 
all flesh measurements at all ages. However, the differences are large enough 
to be significant only at 18 and 24 mo. and, in addition, are significant at 12 mo. 
for heart girth. The effects of crossbreeding in this study, therefore, appear to 
be in agreement with those suggested by some previous studies, in that there is 
an expression of heterosis which manifests itself in more rapid growth to approxi- 
mately 2 yr. of age. After 2 yr. of age, its effect is too small to be statistically 
significant with the numbers involved. However, the important aspect of these 
results is the indication of a differential expression of the heterosis, such that its 
action is significant only upon degree of flesh, and not upon skeletal size. 

With respect to the practical aspects of the effects of crossbreeding on rate 
of growth, some application might be made of the increased rate of growth 
to 2 yr. of age. More rapidly growing animals usually grow more efficiently, 
thus effecting some economy in raising young stock. More rapidly growing heifers 
can generally be bred at a younger age, thus shortening to some extent the long 
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generation interval of dairy cattle. The more rapid, and probably more efficient, 
growth at younger ages might make the fattening for market of bull calves and 
cull heifers more feasible economically. 

The results in Table 3 indicate that the differences between the contributions 
to rate of growth by the Holstein dams and by the Guernsey dams were highly 
significant at every age for every measurement. The differences between the 
contributions of the Holstein sires and the Guernsey sires were, in general, 
significant after about 12 mo. of age. If for any characteristic at any age the 
difference as shown in Table 3 between breeds of sire is added to the difference 
between breeds of dam, the hereditary difference between the breeds crossed is 
obtained. For example, the sum of the differences 109.8 and 2438.2 for body 
weight at 48 mo. is 353 and is the same as the difference between the means for 
purebred Holstein and purebred Guernsey progeny groups (1408 — 1055 = 353), 
as shown in Table 2. After approximately 6 mo. of age, it would be expected 
that the differences associated with breed of sire would be approximately equal 
to those associated with breed of dam. However, the differences associated with 
breed of dam are without exception larger than those associated with breed of 
sire and usually are approximately twice as large. 

Three possible explanations of this inequality might be suggested. It could 
be attributed to cytoplasmic inheritance. However, this has not been conclusively 
shown to exist in higher animals and, further, would be unlikely to have the 
marked effect on a quantitative characteristic that is demonstrated in these 
results. It is also possible that the inequality is attributable to genetic differ- 
ences between the sires and dams of the same breed. Thus, if the Holstein sires 
transmitted size smaller than the Holstein dams, or the Guernsey sires trans- 
mitted size larger than the Guernsey dams, or if both conditions existed, this 
eould account for the inequality of the contributions. The small number of 
sires represented in this study makes such an explanation plausible. No large 
differences are found in comparisons of average values for the purebreds in this 
study with the values presented by Davis and Hathaway (4, 5) for a number of 
measurements at various ages. Although not entirely conclusive, this would at 
least suggest that (for size in general) the purebred progeny in this study were 
not atypical of their breeds. 

A third possible explanation, and one which seems quite plausible in view 
of the literature on the subject, is that the maternal prenatal environment pro- 
vided by the larger Holstein dams permitted more growth during the fetal stage. 
This seems a reasonable explanation for the effect observed at the younger ages, 
but it is problematical whether such an effect should persist throughout the 
period of growth and to maturity, as is evidenced in the results of the present 
study. If it is assumed that the crossbreds from reciprocal crosses have approxi- 
mately the same average genetic makeup, the crossbreds from Guernsey dams, 
which were smaller at the younger ages, might be expected to eventually over- 
take the larger crossbreds from Holstein dams, even though they would require 
a longer period of growth to overcome the initial advantage of the larger cross- 
breds. However, the means of the two groups at 48 mo. indicate that a differ- 


ence still exists at this age. 
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The observation of effects attributable to maternal environment in cross- 
breeding is not unusual. It has been observed in rabbits (22), in horses (7, 23), 
in beef cattle (10), in swine (9), and in crosses of Sindhi cattle with European 
breeds (15). In most instances, however, the effect observed seemed due pri- 
marily to superior mothering ability or to nursing ability. Effects due to pre- 
natal environment have been observed but have not been found to exhibit the 
persistence of effect which is demonstrated in this study. A study by Touchberry 
and Tabler (20) on the birth weights of the same animals included in the present 
study indicated that the same inequality of contributions by sires and dams of 
the same breed was present at birth as well. It was found that at birth the 
difference associated with breed of dam was approximately three times as large 
as that associated with breed of sire. These results indicate that the smaller 
crossbreds probably do overtake the larger to some extent, but do not permit a 
distinction between genetic differences and prenatal environmental effects. Pro- 
bably both factors are operative to some extent in producing the observed effect. 
If genetic differences could be discounted entirely, the magnitude of the pre- 
natal environmental effect would be estimated by the difference between the 
differences associated with breed of sire and breed of dam. 

The differences between the reciprocal crosses suggest that this effect war- 
rants consideration in breeding situations in which crossbreeding is contem- 
plated, and in which there are sizable differences in body size between the breeds 
to be crossed. To obtain larger body size during growth and at maturity, there 
would appear to be some advantage in crossing the breeds in such a manner 
that the dams of the crossbreds are cows of the larger breed. 

The differences between the progeny groups of sires of the same breed are 
sizable and are significant in 41 of the 96 cases. In general, the differences 
between the progeny groups of Guernsey sires are larger than those between the 
progeny groups of Holstein sires. It has been found (2, 6, 13, 17, 24) that body 
weights and measurements have heritabilities ranging from 0.2 to 0.8; con- 
sequently, it is not surprising to find a difference associated with sires of the 
same breed. However, it should be remembered that the differences associated 
with sires of the same breed are confounded with years and age of dam. Holstein 
Sire Two and Guernsey Sire Two were used contemporarily and approximately 
2 yr. after the first sires of each breed were used, and on essentially the same cows. 

The effects of mating a specific sire of one breed to a specific breed of dam, 
as shown in Table 4, are in general rather small, even though they are significant 
in five of the 48 cases for the fleshy measurements and in two of the 48 cases 
for the skeletal measurements. From these data, there is little evidence to support 
the contention that the effects of crossbreeding on size are dependent on mating 
a specific sire of one breed to dams of another breed. Again, one must keep in 
mind that these effects are partially confounded with years and age of dam. 

The results of this study, in conjunction with the results of other studies 
of growth and body size in dairy cattle, raise a number of interesting questions 
with regard to the genetic aspects of growth and body size. A number of in- 
vestigators have estimated the heritabilities of the measurements studied here 
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2, 6, 13, 17, 24). In general, the heritabilities estimated for the skeletal measure- 
ments of animals two or more years of age have been relatively high, about 0.50 
to 0.80. This indicates that these measurements are determined primarily by ad- 
ditive genetie effects. The estimates of heritabilities of the flesh measurements 
of animals two or more years of age, on the contrary, have been comparatively 
low, about 0.20 to 0.50. This indicates that a large fraction of the genetic effect 
is due to nonadditive expressions or that these measurements are influenced 
much more by environmental effects than are the skeletal measurements. Re- 
cently, Blackmore eft al. (2) have shown that the heritabilities of body weights 
and measurements increase decidedly as the animal goes from 6 mo. to 2 yr. of 
age. 

Since the skeletal measurements are so largely controlled by additive genetic 
effects, it would not be expected that the crossing of breeds would introduce 
large nonadditive effects into the genetic determination of the measurements. 
This is precisely the result observed in the present investigation. In the flesh 
measurements, additive genetic effects are less predominant, therefore a greater 
opportunity may exist for a response to genic recombinations and interactions, 
in the form of nonadditive effects. The results of this investigation indicate 
that such a response does occur in the flesh measurements but that it is statisti- 
cally significant for all flesh measurements only at the ages of 18 and 24 mo. The 
fact that these effects are not significant at younger ages and at maturity 
indicates that other factors must also be operative in the control of these 
characteristics. 

Yven though the nonadditive genetic effects due to crossbreeding are sta- 
tistically significant on flesh measurements at some ages, this does not discount 
the importance of the additive genetie factors in these data. These are still 
the predominant genetic influences upon all of the measurements studied, as 
evidenced by the relatively larger effects by the breed of the sire and the breed 
of the dam than by those of the system of mating. Although a fraction of the 
epistatic effects is correlated between parent and offspring, the major portion 
of the contributions by breed of sire and breed of dam may be considered to be 
additive genetic contributions. There is the possible exception of a nongenetic 
effect by the breed of dam, due to the influence of prenatal environment. 

The results of the present study, and the results suggested by previous 
studies of the effects of crossbreeding upon rate of growth, present an interest- 
ing contrast to the results of similar studies involving inbreeding. The infer- 
ence that rate of growth is closely associated with the degree of heterozygosity 
of an individual seems almost indisputable. The effect of inbreeding is to decrease 
heterozygosity and decrease rate of growth; the effect of crossbreeding is to 
increase heterozygosity and increase rate of growth. In neither situation, how- 
ever, is the size at maturity significantly affected. 

A number of possible explanations for this lack of effect at maturity present 
themselves. It appears that an increase in heterozygosity stimulates the rate 
of physiological processes involved in growth, but does not affect the ultimate 


extent of their action Possibly, the effects of environment have such a predomi- 
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nant influence at maturity that they over-ride the genetic effects and place a 


limit upon the extent to which they can act but, from the results obtained by 


Blackmore et al. (2), this seems unlikely. Another possible explanation is that 


the physiological activities associated with growth are affected by one set of 


genetic factors, while other physiological relationships controlled by other genetic 


factors dictate the ultimate size which the individual can attain. It is also 


possible that one particular set of genetic factors has a predominating influence 


at one age, and another set predominates at another age. 


It seems clear that knowledge of the physiological and biochemical activities 


and relationships involved in growth and mature body size must form the basis 


for further understanding of the genetic mechanisms involved. This emphasizes 


the need for physiological investigations into these aspects of growth and mature 


body size, which are specifically designed to elicit information in terms of gene 


actions and genetic mechanisms. 
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GENETIC STRUCTURE OF DAIRY CATTLE HERDS IN TERMS OF 
ADDITIVE AND DOMINANCE RELATIONSHIPS 


A. E. FREEMAN * anp C. R. HENDERSON 


Department of Animal Husbandry, Cornell University, Ithaca, New York 


SUMMARY 


These data indicate that the average additive relationship within herds is low. 
The dominance relationship is so low as to be essentially zero. Regardless of the 
magnitude of the dominance variance, and the variance due to interallelic interactions 
involving both genes of at least one pair, these components could, on the average, 
contribute little to the total genetic covariance between relatives in populations which 
approach so closely the breeding structure of random-mating populations. Also, the 
genetic differences between the herds which arise from the relationship of contemporary 
animals indicate that for butterfat production the heritability of differences between 
herds averages is of the order of 5%, when differences in ideals and intensities of 
selection are not considered. 


Cockerham (1) and Kempthorne (3) have shown that, in a random mating 
population and in the absence of linkage, the genetie covariance between rela- 
tives is a function of the additive and dominance relationship between those 
relatives and the components of genetic variance for the population. Using the 
+ d:, o, +a d.. Fie By a "4 da 
o*, + ete., where a, and d_., are, respectively, the additive and dominance rela- 


} 


notation of Henderson (2), o, »,=4ij o%, 
tionship between animals 7 and j. The aj; is the numerator of the widely used 
‘‘eoefficient of relationship’’ proposed in 1922 by Wright (10) ; «5, denotes the 
components of total genetic variance, where p is the number of nonallelic genes 
and qg is the number of pairs of allelic genes contributing to that component. 

Even though the magnitude of these components is unknown, this partition- 
ing concept makes the additive and dominance relationships informative in 
interpreting the average contribution of some of the components to the genetic 
covariance between relatives. For instance, if dj; and the squares and higher 
powers of a,; are always small, pooling the variances due to dominance, to all 
epistatic components and to environment, as if they were all truly environmental 
will cause only minor errors in selection and other practical operations. The dj; 
will be zero, unless the two animals are related through at least two separate 
paths which do not anywhere go through the same gamete. Therefore, the dj; 
would not be expected to be large, except between full sibs or where there has 
been considerable inbreeding. The a;; can be as large as 0.5, even without 
i inbreeding. Therefore, the square and even the cube of a;; may not always be 
negligibly small. 

The purpose of this work was to characterize the types of genetic relation- 
ships among animals within several herds of dairy cattle. 


Reeeived for publication Deeember 4, 1958. 
‘Present address: Towa State College, Ames, Iowa. 
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SOURCE OF DATA 

These data were Dairy Herd Improvement Association records obtained 
from the Records Processing Center of Cornell University. They included 
1,210 Holstein animals in 11 commercial herds, which were chosen because they 
were relatively large and had apparently complete reporting over many years. 
Most of the cows were born in the late 1930’s and 1940’s, before artificial in- 
semination became widespread. The data ranged over 17 yr. in one herd, but 
in eight of the herds the range was either 6 or 7 yr. Presumably, the breeding 
policies in these herds were similar to those in D.H.I.A. herds in general. Both 
registered and grade Holstein cows were included, although the former were 
more numerous. Grade cows were included only when their parents and grand- 
parents were known. 

The productive levels of the individual herds are shown in Table 1. The 
herd means ranged from 373 to 553 lb. of butterfat and from 10,810 to 15,420 
lb. of milk. The average production of all of these herds exceeded the 1950-54 
New York Holstein D.H.1L.A. average by 854 Ib. of milk and 34 Ib. of fat. All 


production records were on a mature equivalent, 2 X, 305-day basis. 


TABLE 1 


Productive levels and additive relationships between all animals in eleven Holstein herds 


Herds Average 
eho of 
1 2 3 4 5 6 7 8 9 10 11 allherds 


Average butter- 

fat production 467 445 411 548 506 452 553 454 373 444 480 463 
Average milk pro- 

duction > 10 1,313 1,222 1,175 1,510 1,411 1,285 1,542 1,224 1,081 1,354 1,239 1,287 
Average additive 


relationships 054 .025 .026 .023 .0385 .0386 .031 .030 .027 .062 .085 .040 
Average coefficient 
of inbreeding OOS 006 009) (005) 2000) 2.000) 000) «6.005 001) 011) 015 007 


RESULTS AND DISCUSSION 

Relationship between animals arises from genes that are identical by de- 
scent from a common ancestor. For computing or comparing relationships, 
some base must be chosen at which all animals are considered as unrelated. 
The measurements of relationship are relative to that base, just as measure- 
ments of temperature or altitude are relative to some zero point, the choice of 
which may be partly arbitrary although guided by convenience in use. For 
these computations, the base population was considered to be the grandparents 
of the foundation cows of each herd. That is, all pedigrees were traced at least 
two generations beyond the oldest animals used in each herd. Tracing the pedi- 
grees one or more additional generations would have increased slightly the 
accuracy and mean of the relationships, but this did not seem enough to justify 
the increased computations. Tracing the pedigrees to a definite date, rather 
than a fixed number of generations, would have defined the base population 


more precisely as a group of cattle existing at a certain time, but might have 
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obscured slightly the changes per generation. The difference between these two 
bases would have been trivial in these data. 

The additive relationships were computed by adapting to I.B.M. machinery 
the method commonly known as the genetic varianece—covariance matrix, or the 
chart for the numerator of the coefficients of relationship. The mean additive 
relationships between all possible pairs of animals and the coefficients of in- 
breeding, Wright’s F, for all animals in these 11 herds also are in Table 1. The 
mean additive relationships are quite low, ranging from 0.023 to 0.085, with an 
over-all mean of 0.04. This is equivalent to an ancestor descendant relationship 
when the animals were from four to five generations removed. These herds were 
not inbred enough to be of any practical significance, since the average F is 
0.007. Even the 69 animals that were inbred were only mildly so, averaging 
only 11.7%. 

Table 2 shows the distribution of these additive relationships within herds. 
The intervals were chosen to center roughly on the powers of one-half, since 
these are the values occurring most frequently. Seventy-three per cent of all 
possible values were zero. Herds 1, 2, and 11 have more inter se relationship 
in the low intervals than the other herds, partly because data were available 
over a longer period of time for these herds. About 92% of all intraherd 
additive relationships were below 0.175. 


TABLE 2 


Distribution of additive relationships among all possible pairs of animals (per cent) 


Herds Average 
of 

Interval 1 2 3 4 5 6 7 8 9 10 11 all herds 
0 56.1 79.6 87.3 89.4 79.0 83.9 82.3 84.1 83.3 64.2 36.1 73.0 
001-.049 13.5 6.0 0.2 0.3 2.1 0.2 1.3 0.7 1.6 25 17.8 5.9 
.050—.074 7.6 3.6 1.5 1.6 4.2 1.5 3.8 2.3 3.7 5.5 7.6 4.3 
075-174 6.1 4.9 3.1 7.1 4.7 6.0 5.8 5.7 13.3 28.4 8.9 
.175-—.324 3.7 4.6 4.0 6.1 7.9 5.2 5.5 46 119 9.9 6.1 
325+ 1.0 1.5 1.6 1.5 1.8 1.4 1.6 1.1 2.6 5.2 1.8 





The dominance relationships were computed among all noninbred animals, 
and both the additive and dominance relationships were tabulated separately 
for all related but noninbred animals which had complete lactations beginning 
between 22 and 34 mo. of age, inclusive. This was done to gain some idea of 
the number and interrelationships of the animals that might be used for esti- 
mating phenotypic or genetic parameters. Incomplete records, inbred animals, 
and cows who first freshened particularly early or late generally would not be 
used for such estimates. 

Table 3 shows the mean relationships. The average a;; varies from 0.202 to 
0.107 for the 11 herds, with the average of all herds being about 0.13. Since 
these averages are for all additive relationships greater than zero, they rep- 
resent average relationships of related animals and are much higher than the 
average relationship of all animals. The averages in Table 1 are more meaningful 
for most practical uses. 
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TABLE 3 


Average additive and dominance relationship among related but noninbred 


cows whose complete lactations started between 22 and 34 months 


Herds 
Average of 
l 2 3 $ 5 6 7 9 10 ll all herds 
Average a; 126 .107 .142 .158 136 .202 .138 .148 .124 .148 = .129 128 
Average dj; 006 002 .003) .006) 006) O11 006 .005 005) 008) .010 007 
No. of cows 143 129 62 53 55 35 51 64 65 55 ae 


The dominance relationships in Table 3 are so low that for practical pur- 
poses they can be considered as zero. This is not surprising, since full sisters 
are the only noninbred relatives for which the dominance relationship is as 
Even three-quarter 
Probably, most of 
If inbred 


large as 0.25, and they are relatively rare in dairy cattle. 

sisters would have a dominance relationship of only 0.0625. 
the dominance relationship found came from this type of relative. 
animals had been included, the average dominance relationship would have 
been increased only a little, since the amount of inbreeding in these herds was so 
low. Clearly, the dominance portion of the total genetic variance contributed little 
to the total genetic covariance between relatives in these herds. This also applies 
to those epistatic components which involve both genes of at least one pair, i.e., 
those whose coefficients include d;;. However, epistatic components involving two 
genes from different pairs, i.e., those whose coefficients are a?,, could have con- 
tributed noticeable amounts to the total. 


TABLE 4 


Distribution of additive relationship among related but noninbred cows 


whose complete lactations started between 22 and 34 months (per cent) 

Herds Average 
. _ —— of 

Interval ] 2 3 4 5 6 7 8 9 10 11 all herds 
.001—.049 27.7 32.7 2.7 6.2 19.0 22 17.4 6.1 18.9 8.5 28.8 24.4 
.050-.074 17.5 20.1 27.6 33.9 276 19.1 32.4 248 28.9 20.4 9.4 18.3 
.075-.174 30.5 293 42.1 186 24.2 159 17.2 39.0 28.0 43.4 40.4 33.0 
.175-.32 21.3 155 268 38.5 269 60.6 315 26.7 23.4 25.9 13.1 20.4 
.325-.50 3.0 2.4 0.8 2.8 2.3 2.2 1.5 3.4 0.8 1.8 8.3 3.9 


The distribution of additive relationships among those related animals 


(shown in Table 4) emphasizes that most relationships encountered are low. 
If one tries to use all possible relationships to estimate components of genetic 
variance, or other genetic parameters, these low a;;’s would increase the sam- 
pling error of the estimates. That is, estimation of many genetic parameters 
involves dividing by a;; and as a;; becomes smaller the sampling errors in the 
estimate become relatively larger. Further, using distant relatives of a given 
animal in a selection index would not increase the accuracy of that index 
enough to justify computing an a;; matrix for each herd. 

The average additive relationship among contemporary animals was 0.07, 


contemporary being defined as those animals who calved from September of 
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one year through August of the next. Assuming that intraherd heritability of 
fat production is 25%, and that the variation between herds accounts for 35% 
of the total variation, the average relationship within herds would lead to an 
interherd heritability of about 3-4%. 

Increasing the average relationship within herds to 0.10 would lead to an 
interherd heritability of only about 5%. These estimates of interherd herita- 
bility assume that consanguinity is the only reason for animals within herds to 
be more alike than animals drawn randomly from the population. Actually, 
if breeders have selected for different goals, or for the same goal with different 
intensities, genetic differences between herds would be larger than estimated 
above, and there would be a corresponding increase in the interherd heritability. 
If the same bull were used in many herds, as happens with bulls used in arti- 
ficial breeding, the genetic differences between herds would be decreased as 
would the interherd heritability; however, in the present data the number of 
sires used in more than one herd was negligible. 

The average contemporary relationship found here among animals within 
a herd agrees well with those in the literature. Robertson and Asker (6) found 
a relationship of 0.07, Searle (9) obtained an estimate of 0.08, and Lush and 
Straus (4) estimated that it would be about 0.08—0.12 in one-sire herds where 
the sire always comes from an unrelated herd and is used about 2 yr. Pirehner’s 
(5) estimate of the heritability between herds was 6-13%, Robertson and 


Rendel (8), 10%, and Robertson and McArthur (7), 12%. These estimates of 
interherd heritability are slightly higher than the present one, which takes 
into account only the interherd differences probably caused by relationship 
within herds. 
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LIBIDO, SPERM CHARACTERISTICS, SPERM OUTPUT, AND 
FERTILITY OF MATURE DAIRY BULLS EJACULATED 
DAILY OR WEEKLY FOR THIRTY-TWO WEEKS! 


H. D. HAFS, R. S. HOYT, ann R. W. BRATTON 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


SUMMARY 


Ten aged dairy bulls were used to measure the effects of prolonged daily ejaculation 
on libido, sperm output, sperm characteristics, and fertility. The ten bulls were ejacu- 
lated once a week for a 4-wk. preliminary period after which five were chosen at random 


to be ejaculated once a day and five once a week for a 32-wk. experimental period. 


The bulls ejaculated once a week required an average of 9.2 min. of active sexual 
stimulation and 2.9 false mounts before each ejaculation, as compared to an average 


of 16.0 min. and 3.7 false mounts for the bulls ejaculated once a day. 


The weekly bulls yielded an average of 9.5 ml. of semen per ejaculate, 63% motile 
sperm, 1.89 billion sperm per milliliter of semen, 4.8 billion total sperm per ejaculate 
(per week), and 11.1 billion motile sperm per ejaculate (per week). The bulls ejacu- 
lated once daily yielded an average of 6.2 ml. of semen per ejaculate, 69% motile 
sperm, 0.81 billion sperm per milliliter of semen, 4.8 billion total sperm per ejaculate, 
3.4 billion motile sperm per ejaculate, 33.8 billion total sperm per week, and 23.6 
billion motile sperm per week. All of the differences between the two frequencies of 
ejaculation, with respect to the sperm output criteria, were statistically signicant 


(P < .05) except that for volume of semen per ejaculate. 


Determinations of the per cent vitally stained sperm and the per cent of sperm 
with morphological abnormalities and estimation of the per cent of motile sperm 
extended semen after three intervals of storage at —79, 5, and 15-25° C. revealed no 


significant differences between the two frequencies of ejaculation. 


Measured by the per cent of cows not returning to service within 60 to 90 days 
after first insemination, the average fertility of 70% for 42,136 inseminations with 
sperm from the bulls ejaculated once a week was not significantly different from the 
average of 73% for 7,108 inseminations with sperm from the bulls ejaculated once a day. 

The results of this experiment indicate that daily ejaculation of aged bulls for as 
long as 8 mo. is not harmful, either to the bulls themselves or to the quality of the 
sperm they produce. Ejaculating bulls two or three times on each of two or three days 
a week and storing the sperm in an improved extender, such as CUE, makes it possible 
for an artificial breeding organization to provide unfrozen semen with satisfactory 


fertility at all times from most stud bulls. 


The most common frequency of collection of semen from dairy bulls in 
artificial breeding organizations in the United States is once a week (22, 31). 
When one or two ejaculates are taken at this interval and about ten million motile 
sperm are used for each insemination, enough sperm usually are obtained to breed 
900 to 1,400 cows a week (4, 22). Although these numbers are large in comparison 
with those achieved by natural mating, they are small in comparison to the in- 


creasing demands for sperm from the genetically superior bull (17). 


There have been several reports comparing sperm output of bulls ejaculated 
at frequencies of from three ejaculates every 18th day to as often as four ejacu- 
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j 
lates a day (2-4, 7, 9, 11, 18, 15, 21, 23-30, 32, 34, 38, 40-43). All of these 
support the hypothesis that many more sperm may be obtained by ejaculating 
bulls more often than once a week. However, the longest reported period of daily 
ejaculation was only 57 days (42). 
The exhaustion trials reported by Hale et al. (23) and by Willett and Ohms 
43) indicate that the average potential sperm output of bulls is of the order 
of 32 to 34 billions per week; numbers that are more than double the average of 
13.6 billion sperm per week routinely obtained by once-a-week ejaculation in 
four large bull studs reported by Hafs et al. (22). 
Although the published reports generally agree that frequent ejaculation 
increases sperm output, they do not agree concerning the fertility of frequently 
| ejaculated bulls. Data reported by Almquist ef al. (3), Bratton and Foote (9), 
Bratton et al. (11), Mercier et al. (29), Patrick et al. (30), and VanDemark 
et al. (40) indicate that bulls ejaculated as often as twice on each of three days 
a week are satisfactorily fertile. Ellenberger and Lohmann (16) found no sig- 
nificant relationship between fertility and frequency of ejaculation in a study 
j of bull stud records. Nevertheless, there exists a quite general opinion that 
; over-use may render sires infertile (31), an opinion supported by studies of 
, stud records by Dawson (14), Lasley and Bogart (28), and Sehmidt et al. (35), 
1 who found that fertility declined as the interval between ejaculations decreased. 
, The study to be reported here was undertaken to determine the effects of 
daily ejaculation upon the libido, sperm output, sperm characteristics, fertility, 
S and physical well-being ef mature dairy bulls. This frequency of ejaculation was 
: chosen as a method of applying stress upon bulls’ sperm-producing capabilities 
and to ascertain whether or not mature bulls can withstand daily ejaculation 
S for as long as 8 mo. 
: EXPERIMENTAL PROCEDURE 
e Ten sexually mature dairy bulls from the breeding stud of the New York 
y Artificial Breeders’ Cooperative, Inc. were chosen for this study. Each was 
ejaculated once a week during a 4-wk. preliminary period and, on the basis 
‘ of a previous study by Hafs et al. (22), which showed that one would need five 
| bulls per treatment to have a 75% chance of detecting a difference of 50% of 
. the mean at the 5% level of significance, five were chosen to be the controls and 
d to be continued on the once-a-week ejaculation schedule, and the remaining five 
“ were changed to an ejaculation schedule of once a day for 32 consecutive weeks. 
‘. The division of bulls between the two frequencies of ejaculation ignored 
breed of bull, because a previous study (22) had shown negligible differences 
d between breeds as regards sperm output. Consequently, the group of bulls to be 
% ejaculated weekly was composed of three Holsteins, one Guernsey, and one Jersey ; 
whereas, the group to be ejaculated daily was composed of two Holsteins, one 
Guernsey, one Jersey, and one Ayrshire. At the start of the experiment the 
ai average age of the bulls to be ejaculated weekly was 7.5 yr., as compared to 10 yr. 
of for the bulls to be ejaculated daily. In the absence of information to the con- 


trary, the difference in the average age of the two groups of bulls was assumed 
to have no influence on the outcome of the experiment. 
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Before ejaculation each bull was sexually stimulated by actively encouraging 
him to mount a teaser animal. The length of time involved in this sexual stimu- 
lation and the number of false mounts allowed was varied among bulls and 
among ejaculates within bulls, according to recent experience in handling 
each bull. 

Immediately after the semen samples were collected, the volume of semen, 
per cent of motile sperm, and the sperm concentration were determined according 
to the routine procedures described by Salisbury et al. (33) and by Bratton 
et al. (12). 

Every other week, one ejaculate of semen from each bull was sampled to 
make a live-dead stain by the method of Shaffer and Almquist (36) and to meas- 
ure the pH with a Beckman Model G pH meter. One hundred sperm on a slide 
from each of these ejaculates were counted, to determine the percentages of 
unstained, half-stained, and stained sperm. Another 100 sperm were counted 
to determine the per cent of the sperm considered morphologically normal and 
the percentages with protoplasmic droplets, abnormal tails, detached tails, and 
shrunken heads. 

Portions of the same ejaculates that were sampled for pH and _ live-dead 
percentages were examined by a person unaware of the identity of the sample, for 
per cent of motile sperm during storage at —79° C. in Yolk-Citrate-Glycerol- 
Penicillin-Streptomycin extender, described by Foote and Dunn (18) and Brat- 
ton et al. (10), at 5° C. in Yolk-Citrate-Sulfanilamide-Penicillin-Streptomycin 
control extender, described by Bratton and Foote (8), at 15 to 25° C. in Illini 
Variable Temperature extender, described by VanDemark (39), and at 15 to 
25° C. in Cornell University extender, described by Foote et al. (19). The per- 
centages of motile sperm in the frozen semen were estimated after one, 60, and 
120 days of storage and in the three unfrozen semen extenders after one, four, 
and eight days of storage. 

Each week one ejaculate of semen from each of the ten bulls was made avail- 
able to the New York Artificial Breeders’ Cooperative, Inc. for routine shipment 
to their breeding technicians. The experimental bulls were ejaculated between 
6 and 8 a.m. and the semen was shipped to the technicians the following morning. 
Consequently, most of the semen was from 50 to 65 hr. old when used for in- 
semination. Each cow was inseminated with about 1 ml. of extended semen con- 
taining ten million motile sperm per milliliter. Fertility was measured by the 
per cent of cows not returning for insemination within 28 to 35 days and 60 to 
90 days after first insemination. 

The experimental bulls were stabled among, and managed similarly to, the 
rest of the bulls in the stud. Feed intake was not recorded, but body weight was 
measured monthly. 

RESULTS AND DISCUSSION 

The results of the preliminary period showed that, for all criteria, the aver- 

ages for the bulls that were to be ejaculated weekly were quite close to the aver- 


ages for the bulls that were to be ejaculated daily. Consequently, it was decided 
that the experimental period averages would need no covariance adjustments. 
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All of the 160 possible ejaculates from the weekly bulls and 1,119 of the 
1,120 possible ejaculates from the daily bulls were obtained. The weekly bulls 
required an average of 9.2 min. of teasing time and 2.9 false mounts per ejacu- 
late, as compared to 16.0 min. and 3.7 false mounts for the daily bulls. Ninety- 
eight per cent of the weekly ejaculations and 96% of the daily ejaculations were 
collected within 1 min. after the bulls were given the opportunity to serve an 
artificial vagina. Experience indicated it was necessary to alter the method of 
teasing each daily bull at least once a week. This alteration consisted of using 
a different teaser animal, a different location for teasing, or even different per- 
sonnel to assist with handling the bulls. 

Although the bulls ejaculated weekly gained an average of 80 lb. in body 
weight during the experiment, as compared to an average loss of 33 lb. by the 
bulls ejaculated at daily intervals, the difference did not approach statistical 
significance. 

TABLE 1 


Averages of the sperm output criteria 














Volume of semen Sperm Total sperm Motile sperm 
Frequency per mil- nee . 
of Perejac- Per Motile liliter of Per ejae- Per Per ejac- Per 
ejaculation Bull ulation week sperm semen ulation week ulation week 
(ml.) (%) - (X 10°) 
Daily Demp 3.5 24.5 69 0.77 2.7 18.8 1.9 13.4 
Bert 7.1 49.8 69 0.78 5.6 38.8 3.9 27.2 
Stan 5.8 40.5 69 0.99 5.7 39.9 4.0 27.8 
Han 5.9 41.3 70 1.0] 5.9 41.5 4.2 29.2 
Chris 8.6 60.2 68 0.50 4.3 29.9 2.9 20.4 
Av. 6.2 43.3 69 0.81 4.8 33.8 3.4 23.6 
Weekly Bur 8.9 8.9 70 1.61 14.5 14.5 10.0 10.0 
KP 9.2 9.2 56 1.3 12.1 12.1 6.3 6.3 
Sieg 7.0 7.0 65 2.21 15.3 15.3 9.9 9.9 
Apple 9.6 9.6 57 2.32 22.3 22.3 12.6 12.6 
Eda 12.6 12.6 68 1.98 24.8 24.8 16.6 16.6 
ie 1 g 


Av. 9.5 9.5 63 89 17.8 ly 


11.1 11.1 

Table 1 shows the averages for the two frequencies of ejaculation of the 
volume of semen per ejaculate and per week, per cent of motile sperm, concentra- 
tion of sperm in the semen, total sperm per ejaculate and per week, and motile 
sperm per ejaculate and per week. The average of 9.5 ml. of semen per ejaculate 
for the weekly bulls was not significantly different from the 6.2 ml. per ejaculate 
for the daily bulls (P > .05), but was significantly less than the average weekly 
volume of 43.3 ml. yielded by the daily bulls (P < .01). 

The average of 63% motile sperm in the semen from the weekly bulls was 
significantly less than the 69% in the semen from the daily bulls (P < .05). 
The within bulls standard deviation of sperm motilities was 7.3 for the weekly 
bulls and 9.8 for the daily bulls. However, the among bulls standard deviation 
of the average sperm motilities for the weekly bulls was 6.0 as compared to 0.6 
for the daily bulls. Since the difference between the among bull variances ap- 
proaches significance at the 2% level of probability, it appears that daily ejacu- 
lation results in more uniformity among bulls in regard to the percentage of 
motile sperm in the fresh unextended semen. 
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The average of 1.89 billion sperm per milliliter of semen from the weekly bulls 
was significantly greater than the average of 0.81 for the daily bulls (P < .01). 
The average of 8.9 billion motile sperm per ejaculate for the weekly bulls was 
significantly greater than the 3.4 billion for the daily bulls (P < .01), but was 
significantly less than the average of 23.6 billion per week for the daily bulls 
(P < .01). The average of 17.8 billion total sperm per ejaculate for the weekly 
bulls was significantly greater than the 4.8 billion for the daily bulls (P < .01), 
but was significantly less than the weekly average of 33.8 for the daily bulls 
(P < .05). 

The total of 33.8 billion sperm per week vielded by the daily bulls is very 
close to the 32.2 billion reported by Hale et al. (23) for mature bulls ejaculated 
twice on each of three days a week, and to the 32.9 billion and 33.6 billion re- 
ported by Willett and Ohms (438) for mature bulls exhausted once a week. Be- 
cause of the close agreement of these results, all of which were obtained by 
frequent ejaculation schedules, it appears that the average maximum sperm 
output capability of mature dairy bulls is about 34 billion per week. 

The weekly averages of the motile sperm per ejaculate and per week for 
the two ejaculation frequencies are shown in Figure 1. These data show no 















Pretim-! Experimental Period 
= 32 or: 
a Period! 
a [* 
f/ An 9 
! \ ] 
w 24- ! / hd / \ 
a ! P SJ 
= ' pone . ¢ 
5 20Fr na Daily bulls, per week \ 
z 1 
l6F ; Weekly bulls 
\ 
3 \ 
12 <a Pe naiei. 
o , rs x 
o apy! i 
4 ' ee bulls, per ejaculate 
= @F ; i 
iL i ; i i i i 1 i i L i i i i i i i A 
Caw 6 ~ShCSlUCU?!:~C~SCUwSCSSCOSSC?~COS st 23 28 Or 29 3 


WEEK NUMBER 


Fig. 1. Weekly averages of the motile sperm per ejaculate and per week. 


deterioration of semen quality with time after the expected decline in volume of 
semen per ejaculate and concentration of sperm in the semen which took place 
during the first week on the daily ejaculation frequency. These sperm output 
results with bulls, and similar findings with rabbits (20), dogs (6), and boars 
(37), by investigators in this laboratory, indicate that males in general are 
capable of much more sexual use than normally has been expected of them. 
The average pH of 6.43 for 16 ejaculates from each of the weekly bulls was 
significantly less than the average of 6.64 for the daily bulls (P < .05). While 
the averages of the live-dead staining properties of 16 ejaculates from each of 
the weekly bulls were not significantly different from those for the daily bulls, 
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the averages of 62 unstained (presumably live) sperm for the weekly bulls 
and 65% for the daily bulls agree closely with the average percentages of motile 
sperm in the fresh semen, as shown in Table 1. The correlation of .46 between 
per cent motile sperm and per cent unstained sperm was significant (P < .01), 
with 158 degrees of freedom. 

There were no significant differences between the two ejaculation frequencies, 
as regards the types of morphologically abnormal sperm. Of particular interest 
is the fact that the per cent of sperm bearing protoplasmic droplets was not 
measurably influenced by daily ejaculation. This is in agreement with other 
reports (7, 25) and constitutes indirect evidence that frequent mating does not 
draw heavily upon the reserves of epididymal sperm. On the other hand, direct 
evidence by Almquist eft al. (1) indicates that frequent ejaculation does draw 
upon epididymal reserves. These contrasting results may be explained by the 
work of Bialy and Smith (5), which indicates that some factor(s) in the seminal 
fluid is(are) normally responsible for removing the protoplasmic droplets from 
the sperm and, therefore, one would expect to find few sperm bearing proto- 
plasmic droplets in ejaculated semen, regardless of the frequency of ejaculation. 

The average percentages of motile sperm during storage at the different 
temperatures for the 16 ejaculates from each of the weekly and daily bulls are 
shown in Table 2. Once again, the differences between the two frequencies of 
ejaculation were not statistically significant. Furthermore, none of the inter- 
actions between frequency of ejaculation and storage times was significant. Dif- 
ferences among storage times, among bulls, and among ejaculates were significant 
for all four extenders (P < .01). 

Table 3 shows the total number of first-service cows and the per cent of 
these not returning for insemination within 28 to 35 days and within 60 to 90 
days after breeding, and Figure 2 shows the average week-by-week 60- to 90-day 
nonreturn percentages. Analysis of variance, by ejaculates, of the 60- to 90-day 
nonreturn percentages showed that the average of 70% for 42,136 inseminations 





1° Prem, Experimental Period 
v” 
z | 
tg 1 
ly bulls 

rs | A oo u 
e \/ \ Ap 
« “s ‘\ JeorX om ta * ; : 
2 ) 
= 60 ' Weekly bulls 
Pm | 
z i | 
wl < 
rs) * ~N 

20r : 
= 1 
w =|! Or 1 
a ! 

re) es BY 1 1 1 i 1 1 L 1 l l Ll 1 ‘ ; 








i it iitiv t 3 5 T oN Me wea aa a a 
WEEK NUMBER 


Fig. 2. Average weekly 60- to 90-day nonreturn percentages. 
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TABLE 3 


Average 28- to 35-day and 60- to 90-day nonreturn percentages 
£ Z q : 





28- to 35-days 60- to 90-days : 
. —__—____— Decline 
Frequency of First Non- First Non- in non- 
ejaculation Bull services returns services returns returns 
(No.) (Vo) (No.) (%) (%) 
Daily Demp 531 88 53] 8] 7 
3ert 1,794 §2 1,795 71 11 
Stan 3,039 83 3,038 iz 1] 
Han 976 8] 982 70 1] 
Chris 766 81 762 72 9 
Total 7,106 7,108 
Av. 83 73 10 
Weekly Bur 10,973 SO 10,949 69 1] 
KP 1,844 75 1,840 63 12 
Sieg 2 809 78 2,807 69 9 
Apple 10,332 84 10,314 75 9 
Eda 16,245 82 16,226 72 10 
Total 42,201 42,136 


Av. SO 70 10 


with semen from the weekly bulls did not differ significantly from the average 
of 73% for 7,108 inseminations with semen from the daily bulls. Although 
there was more fluctuation in the average week-to-week fertility of the bulls 
ejaculated once a day (Figure 2), this may be explained by the smaller number 
of services represented in each plotted point for the daily bulls. These results, 
which indicate that mature bulls may be ejaculated as frequently as once a day 
for several months without impairing their fertility, are in agreement with 
the results with rabbits reported by Gregoire et al. (20). 

In general, these studies show that frequently ejaculated sperm are not 
measurably different from infrequently ejaculated sperm with respect to the 
criteria of livability during storage at temperatures ranging from —79 to 25° C., 
vital staining, morphological abnormalities, and fertilizing capacity. 


PRACTICAL APPLICATIONS 


The average of 23.6 billion motile sperm per week from the bulls ejaculated 
daily represents a potential of 100,000 breedings per bull per year, using 
10 million motile sperm per insemination, or as many as 200,000 breedings per 
year if 5 million motile sperm per insemination are used. 

Although this experiment has demonstrated that aged dairy sires can be 
ejaculated daily for several months without measurable detrimental effects, the 
number of sperm yielded per day may be too small for operational convenience 
in the larger bull studs. Consequently, it may be more practical for these studs 
to ejaculate bulls two or three times on each of two or three days a week, and 
thereby obtain more sperm for processing on each collection day. Thus, arti- 
ficial breeding organizations have considerable flexibility in choosing an ejacula- 
tion frequency to fit their individual requirements. Furthermore, in view of 
the preliminary fertility data in the CUE extender, described by Foote et al. 
(19), which indicates that sperm maintain good fertility for two or three days 
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in this extender, a procedure of ejaculating bulls two or three times on each 
of two or three days a week and storing the sperm in this type of extender could 
make unfrozen semen available at all times from most stud bulls. 
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METABOLISM OF BOVINE SEMEN. VII. 
ALANINE CONVERSION ! 


PYRUVATE- 


R. J. FLIPSE anp W. R. ANDERSON 
Dairy Breeding Research Center, Department of Dairy Science, 
The Pennsylvania State University, University Park 


SUMMARY 

Conversion of pyruvate to alanine and the reverse reaction have been demonstrated 
in dialyzed extracts of bovine spermatozoa and of seminal plasma, and in intact washed 
spermatozoa. Using washed spermatozoa, substituting Ringer phosphate-glycine for 
Ringer phosphate, results in an increase in alanine and a decrease in pyruvate. It is 
suggested that the glycine-containing buffer forces the transamination reaction 

glycine + pyruvate — alanine + glyoxylate 

to the right, and that this reaction accounts for the reduced accumulation of lactate 
in diluents containing glycine. 


Several reports have demonstrated the efficacy of glycine in the laboratory 
storage of bovine semen (1, 6, 9,11, 13,15,17,18). These studies have been in- 
volved primarily with the maintenance of motility, and the method by which 
glycine acts in improving livability has not been explained. A report from this 
laboratory (7) presented data showing that less lactate accumulates in milk- 
glycine than in milk diluents and suggested that this might be accomplished 
through transamination. 

The recovery of labeled glyoxylate after spermatozoa were incubated with 
glycine-C™ (5) and the reduced accumulation of lactate in glycine diluents (7) 
appear to be the first reported indications of transaminase activity in semen 
preparations. Such data are suggestive of a glycine-alanine transamination 
system in which the pyruvate resulting from glycolysis is converted to alanine, 
instead of being reduced and accumulating as lactate. 

The present study was undertaken to determine if alanine-pyruvate conver- 
sions occur in semen preparations as a part of glycine-alanine transamination 
and, if so, to determine the effect of glycine on the reaction. No attempt has been 
made to characterize the enzyme; its properties have been established by studies 
on several plant and animal tissues and microorganisms (2, 3, 16). 


METHODS 
Enzyme preparation. Tests of alanine-pyruvate conversion were conducted 
first using dialyzed extract of spermatozoa as the enzyme source. Intact washed 
spermatozoa and dialyzed seminal plasma also were examined for transaminase 
activity. 


Received for publication December 17, 1958. 


‘ Authorized for publication on December 11, 1958, as Paper No. 2326 in the journal series 
of the Pennsylvania Agricultural Experiment Station. Supported in part by grants from the 
Pennsylvania State Association of Artificial Breeding Cooperatives, the National Association 
of Artificial Breeders, and the Atomic Energy Commission, Contract No. AT (30-1)-1849. 


637 





638 KR. J. FLIPSE AND W. R. ANDERSON 


Spermatozoa to be used for the preparation of dialyzed extract of sperma- 
tozoa were centrifuged from freshly collected bovine semen and washed twice in 
0.01 M phosphate buffer, pH 7.4, in the centrifuge. The cells were then resus- 
pended in phosphate buffer and homogenized in an all-glass tissue homogenizer. 
After centrifugation of the homogenate, the supernatant was removed and 
dialyzed at 5° C. against phosphate buffer. The dialyzed extract was used fresh 
or stored at —10° C. until used as the enzyme preparation. 

Dialyzed seminal plasma was prepared by centrifuging the cells from freshly 
collected semen and dialyzing the resulting supernatant at 5° C. against phos- 
phate buffer. 

When intact cells were tested for transaminase activity, the spermatozoa 
were centrifuged from pooled ejaculates of freshly collected semen, washed 
twice in Ringer phosphate buffer, and resuspended in Ringer phosphate buffer. 

Alanine-pyruvate conversion. This conversion was detected by using alanine- 
1-C'™ and pyruvate-2-C' as tracers. Enzyme activity was determined at 37° C. 
in a system consisting of 1.0 ml. of enzyme preparation (dialyzed extract of 
spermatozoa or dialyzed seminal plasma), 1.0 ml. of phosphate buffer, 20 yg. 
pyridoxal phosphate, 20 nM glycine, 10 pM glyoxylate, and either (a) 5 ye ala- 
nine-1-C' and 10 uM uniabeled pyruvate or (b) 5 we pyruvate-2-C™ and 10 pM 
unlabeled alanine. When washed spermatozoa were used as the enzyme source, 
the system consisted of 1.0 ml. of cells in Ringer phosphate, 1.0 ml. of Ringer 
phosphate, or 0.5 M glycine, 20 ug. pyridoxal phosphate, and (a) or (b) as stated 
above. 

Control flasks were included in each experiment and differed from experi- 
mental flasks only in that the enzyme preparation was heated at 100°C. for 5 min. 
before use. 

After the 2-hr. incubation, the reaction was stopped by immersing the flasks 
in boiling water for 5 min. The flask contents were centrifuged and the super- 
natant removed and treated with 2,4-dinitrophenylhydrazine. Hydrazones were 
extracted as outlined by Kvamme and Hellman (12), paper-chromatographed, 
and the pyruvate spot radioassayed directly on the paper. The aqueous residue 
from which the hydrazones had been extracted also was chromatographed, and 
the alanine spot on this chromatogram was radioassayed. Radioassays were made 
with a thin-window, gas-flow G.M. counter. 


RESULTS AND DISCUSSION 

Evidence of transamination often is masked by other metabolic reactions 
which take place in the system (3, 4). With this in mind, the early studies in 
this investigation involved extracts of spermatozoa rather than of whole semen 
or intact washed cells. A preliminary trial was conducted in which the dialyzed 
extract from homogenized sperm cells was incubated with alanine-1-C™ in the 
system described in the previous section. Labeled pyruvate was isolated from the 
system after incubation. 

The procedure of enzyme preparation by dialysis as described under ‘* Meth- 


ods’’ was compared to a method of preparation by precipitation (10). Sinee the 
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material obtained by precipitation had only slightly more than half the trans- 
aminase activity of the dialyzed preparation, dialyzed preparations were used 
in subsequent studies. 
TABLE 1 
Pyruvate-alanine conversion by bovine semen preparations 


Enzyme preparation 
Product 


Enzyme source assayed Active Control 
—_——/(c.p.m.) ——— 

Dialyzed extraet of sperm Alanine 2,000 1,300 
Dialyzed extraet of sperm Pyruvate 2,520 2,130 
Dialyzed seminal plasma Pyruvate 2,580 2,250 


Results of trials with dialyzed sperm extracts are presented in Table 1. 
When alanine-1-C!* was addec, pyruvate was isolated as the hydrazone and 
radioassayed. When pyruvate-2-C'™ was added, alanine was isolated by chro- 
matography and counted. Nonenzymatic conversion (14) is obvious (heated 
control), but enzymatic conversion is evident. Also shown in Table 1 are the 
results, using dialyzed seminal plasma with alanine-1-C', indicating the pres- 
ence of the enzyme in this fluid. 

Having established that alanine-pyruvate conversion occurs in extracts of 
spermatozoa and seminal plasma, trials were conducted to determine if the 
reaction could be detected in intact spermatozoa. At the same time, conversion 
in Ringer phosphate buffer was compared to that in Ringer phosphate-0.5 M 
glycine (1:1). The mean results of these trials are shown in Table 2; conversion 


TABLE 2 


Pyruvate-alanine conversion by washed spermatozoa 


Buffer 
Ringer Ringer phosphate— 
Product assayed phosphate 0.5 M glyeine 
—_—_—_—_—_—_—_—_——_—————-(¢. p.m. )——________—_- 
Alanine 1,100 1,645 
Pyrruvate 1,600 880 


was obtained with the washed cell preparations, and glycine increased the con- 
version of pyruvate to alanine and inhibited the reverse reaction. 
The transaminase system is visualized as follows: 
glycine + pyruvate = alanine + glyoxylate 


The concentration of glycine in Ringer phosphate—glycine buffer forces the 
reaction to the right and, of course, requires pyruvate for the formation of 
alanine. Semen normally is stored and shipped under comparatively anaerobic 
conditions, under which the pyruvate produced by glycolysis is reduced and 
accumulates as lactate. It seems logical that the reduced accumulation of lactate 
with no reduction in sugar utilization) in glyeine diluents (7) is the result 
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of the shunting of pyruvate into the transamination reaction, thus reducing the 
amount available for the formation of lactate. 

While the reduction in lactate accumulation may be attributed to trans- 
amination and is beneficial to spermatozoan survival, the effects of the products 
of transamination on spermatozoa must be considered. Extensive studies of the 
effects of alanine on spermatozoa have not been conducted; in the limited trials 
that have been reported (19) it was not toxic, but evidence of beneficial action 
was lacking. Apparently, no investigation has been made of the extent or rate 
at which it can be metabolized by sperm cells. Glyoxylate, the other product of 
this particular transamination, is inhibitory to spermatozoan respiration (5), 
but normally is degraded by sperm as rapidly as it is formed (5, 8). 

It appears that other transamination systems should be investigated as a 
possible guide to improvement in semen diluents. Such studies are currently un- 
der way in this laboratory. There are, of course, certain limitations to the possi- 
bilities. Since pyruvate is the product of glycolysis, it is essential that pyruvate 
and alanine be involved. The end keto acid ideally should be nontoxic, or 
metabolized rapidly to a nontoxic compound, and the amino donor likewise 
must have properties favorable to spermatozoan survival. 

In advancing the postulation that transamination accounts for the favorable 
effect of glycine on spermatozoa, it is not implied that this is the only way in 
which glycine exerts its effect. However, the fact that glycine is most effective 
at about 0.25 M concentration supports the concept of a mass-action effect 
(shift in equilibrium of the transamination reaction) more readily than it does 
theories based on the provision of energy or on chelating action. 
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CONVERSION OF CAROTENE FROM ALFALFA TO VITAMIN A 
BY GUERNSEY AND HOLSTEIN CALVES ! 


H. D. EATON, G. S. MYERS, JR.,">7 MARTHA W. DICKS, B. A. DEHORITY, 
A. P. GRIFO, JR., anp R. TEICHMAN 
Animal Industries Department 
C. F. HELMBOLDT anp E. L. JUNGHERR 
Animal Diseases Department 
AND 
D. G. GOSSLEE 


Sterrs (Conn.) Agricultural Experiment Station, Storrs 
SUMMARY 
Twelve Guernsey and 12 Holstein male calves whose average age was 83 + 10 days 
and which were partially depleted of their vitamin A stores to an average plasma 
vitamin A level of 7.8 = 2.5 y per 100 ml., were fed daily one of four levels, 30, 60, 


120, or 240 y, of carotene from alfalfa per pound of live weight for 12 consecutive 
seven-day periods and then slaughtered. Guernseys had higher concentrations of 
carotenoids in plasma and liver than did Holsteins. Conversely, Holsteins had higher 
concentrations of vitamin A. The linear rates of change of either plasma or log liver 
vitamin A concentrations on log carotene intake for Guernseys and for Holsteins were 
essentially parallel, but Holsteins maintained higher average levels than did Guernseys. 
Based on this, it was calculated that Holsteins converted carotene to vitamin A 1.4 
times more efficiently than did Guernseys, when employing plasma vitamin A as the 
criterion, with 95% confidence limits between 0.8 and 2.5. A similar value, when 
utilizing log liver vitamin A as the criterion, was 1.8 with limits between 1.2 and 2.8, 
and for log liver vitamin A per 100 Ib. of live weight, 1.7, with limits between 0.8 and 4.5. 


Since the early studies of Palmer and Eckles (17), it has been recognized 
that under similar feeding conditions Guernseys accumulate considerably greater 
quantities of carotene in their tissues than do Holsteins (10). Conversely, Hol- 
steins have been reported to have greater concentrations of vitamin A in their 
blood plasma, liver, and milk than have Guernseys (6, 9). The latter suggests 
that Guernseys convert carotene to vitamin A less efficiently than do Holsteins. 

Quantitative data with respect to the efficiency of conversion of carotene 
to vitamin A by calves of different breeds are variable, and appear to be depend- 
ent upon the criterion of response used in ascertaining the conversion. Using 
alterations of the eye as criteria characteristic of vitamin A deficiency, Pennsyl- 
vania investigators (22) found that Guernsey calves require between 1.1 and 
1.2 times as much carotene as Holsteins. Moore and coworkers (15, 16) reported 
that to prevent increased spinal fluid pressure of equal to or greater than 120 mm. 
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HO, Guernseys required 1.13 times as much, and Jerseys 1.07 times as much, 
carotene as Holsteins. Based on carotene intakes required to maintain border- 
line plasma vitamin A concentrations and slight liver storage, Elliott (8) ob- 
served that Guernsey calves needed a daily intake of 100 y of carotene per pound 
of live weight and Holsteins only 60 y, or, a requirement for Guernseys 1.7 
times that for the Holsteins. In a somewhat similar study, but employing year- 
lings instead of calves, Boyer et al. (2) indicated that to maintain a blood plasma 
vitamin A concentration of 10 y/100 ml., Guernseys required a daily carotene 
intake of 56.8 y per pound of live weight, whereas Holsteins required 34.1 y, 
or 1.7 times as much carotene as was needed by Guernseys. 

The above-mentioned experiments indicated that Guernsey calves are less 
efficient in conversion of carotene to vitamin A than are Holsteins. However, 
the data in which physiological criteria were employed to ascertain conversion 
(15, 16, 22), dealt with carotene intakes considerably lower than those used 
in practice, or the 60 y carotene intake per pound of live weight per day recom- 
mended by the National Research Council (13). Thus, these data allow no 
estimates of breed differences at carotene intakes sufficient to provide some 
storage of vitamin A, which appears to be of value, particularly, during sub- 
sequent periods of low carotene intake and/or scours (20, 21). Also, two other 
studies (2, 8) in which plasma and liver vitamin A concentrations were used as 
criteria need confirmation and further quantification. Therefore, the present 
study was undertaken to evaluate quantitatively the efficiency of conversion 
of carotene to vitamin A by Guernsey and Holstein calves, over a wide range of 
intakes, employing plasma and liver vitamin A concentrations as criteria of 
conversion. 

EXPERIMENTAL PROCEDURE 

Animals and feeding. Twenty-four calves, 12 Guernseys and 12 Holstein 
l-day-old males from private and state institution herds, were brought to the 
research barn during the period August-November, 1957, and placed in indi- 
vidual tie stalls. Each calf upon arrival received 1-500 mg. oblet of chlortetra- 
eyeline (Lederle’s Aureomycin) and 100,000 U.S.P. units of vitamin A (Nopeay 
250, Type M, Lot V-9207, 250,000 U.S.P. units per gram), contained in a gela- 
tin capsule. Thereafter, each calf was raised to 63 days of age as follows: mixed 
herd whole milk at the rate of 4.0 lb. twice daily to seventh day of age, 3.5 Ib. 
eighth through 14th day, 2.5 lb. 15th through 21st day, 2.0 lb. 22nd through 
28th day, and 2.0 lb. once daily in the a.m. from the 29th through 35th day; 
depletion grain mixture, consisting of ground barley 459.5 lb., crimped oats 
500 Ilb., wheat bran 500 Ib., linseed oil meal, expeller process, 150 lb., soybean 


oil meal, solvent process, 150 Ib., cane molasses 200 lb., iodized salt 20 Ib., 
steamed bone meal 20 lb., and irradiated yeast, Standard Brands Type 36-F, 
16 million I.U/Ib, 0.5 lb., up to 3.0 lb. per calf per day; and ad libitum chopped 
alfalfa hay. On the 64th day of age, each calf received a depletion ration, a 
mixture of two-thirds depletion grain mixture as described above and one-third 
beet pulp, such that the anticipated gain in live weight was 10 lb. per seven-day 
period. When the blood plasma vitamin A level, based on seven-day period 
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blood samples, had decreased to or less than 12.0 y per 100 ml., each calf was 
then fed, after the next seven-day period, one of four carotene intakes, 30, 60, 
120, or 240 y per pound live weight per day, from artificially dehydrated alfalfa 
meal. The first four Guernsey and the first four Holstein calves, Replicate I, 
to arrive at the research barn were randomly assigned to one of the four caro- 
tene intakes with restriction as to breed, and this procedure repeated for two 
additional replicates. The average age at the start of carotene supplementation 
was 83 days, with a standard deviation of ten. Upon completion of 12 consecu- 
tive seven-day periods, each calf was slaughtered. 

Calculation of the amount of alfalfa to be fed to supply the indicated caro- 
tene intake, incorporation of the alfalfa into the depletion ration, and treatment 
for scours were identical to previous studies at this station (18). However, the 
calves were housed in a portion of the research barn in which neither temperature 
nor light exposure was controlled. Average minimum and maximum daily tem- 
peratures during carotene supplementation were, with their standard errors, 
respectively, 45.4 + 0.3° F. and 53.5 + 0.4° F. Average light intensity, natural 
and artificial, measured in most cases at noon at a height of 48 in. in the center 
of each calf stall, was 7.7 + 2.8 foot-candles. 

Observations and analyses. All feeds fed and refused, with the exception 
of the artificially dehydrated alfalfa, were weighed daily to the nearest 0.1 Ib. 
The artificially dehydrated alfalfa meal was weighed to the nearest 0.1 g. Live 
weights were taken at successive seven-day periods throughout the experiment 
and linear growth measurements at the beginning and termination of carotene 
supplementation. 

Blood samples, obtained by jugular puncture at seven-day periods during 
initial vitamin A depletion and at 14-day periods thereafter, were analyzed for 
plasma carotenoids and vitamin A (12). Spinal fluid pressures were measured 
(15) during the seven-day period prior to, and the last seven-day period during, 
carotene supplementation. At slaughter, the liver was removed, ground, and 
sampled. The samples were held at 0° F. for subsequent analysis for carotenoids 
and vitamin A by a modification of the Gallup-Hoefer procedure (4). 

Samples of all feeds fed, including the artificially dehydrated alfalfa meal, 

TABLE 1 
Average chemical composition of feeds 


Per cent of dry matter 
Per cent 


cry Crude Ether Crude 
matter protein extract fiber N.F.E. Ash Carotene 
(mg/lb) 
Alfalfa hay chopped 91.2 18.0 2.6 29.9 42.1 7.4 19.02 
+ 0.4 + 0.6 + 6.3 + 14 33 + 0.3 + 2.44 
Depletion grain 90.2 18.8 3.7 8.4 62.7 6.4 0.03 
+ 0.5 - oF + 6.) — 0.) + 69 + 0.7 + 0.00 
Vitamin A depletion 91.1 16.2 2.7 11.9 62.5 6.7 0.01 
ration > O46 + 0.3 + 0] + 0.2 + 02 ~~ O13 + 0.00 
Artificially dehydrated 89.0 22.9 4.1 18.8 42.6 11.6 53.07 
alfalfa meal i 33 + 0.1 + 0.3 + Of + 0.4 + 0.0 + 1.66 


“Standard error of the mean. 
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were sampled at 4-wk. periods during the course of the experiment for subsequent 
analyses of proximate constituents by A.O.A.C. procedures (1) (Table 1). The 
carotene concentration of the artificially dehydrated alfalfa was determined 
periodically throughout the course of the experiment according to the A.O.A.C. 
procedure (1), which employed extraction overnight at room temperature instead 
ot Soxhlet extraction. 

Statistical procedures used were those as outlined by Davies (5). Trans- 
formation of plasma carotenoids and liver vitamin A concentrations to their 
respective logarithms, and the functional relationships between plasma and 
liver carotenoids and vitamin A concentrations and carotene intake, have been 
dealt with previousty (19) 


RESULTS AND DISCUSSION 


Feed consumption, health and growth. The per cent days for each ealf in 
which the entire ration allowance was consumed during carotene supplementa- 
tion averaged 93.4 + 1.8, a slightly lower value than has been observed previously 
in similar studies at this station. Undoubtedly, this resulted in slight variation 
in carotene intake and, possibly, increased variation in plasma and liver carot- 
enoids and vitamin A concentrations. However, since neither carotene intake 
nor breed consistently affected these percentages, it was assumed that carotene 
intake was identical to the indicated levels of 30, 60, 120, or 240 y. Per cent days 
during carotene supplementation in which each calf was free from scours aver- 
aged 98.8 for Guernseys and 100.0 for Holsteins. Scours accompanied by rectal 
temperatures of equal to or greater than 103.0° F. oceurred in only one calf 
and, therefore, was not a problem. 

At the start of carotene supplementation, the average live weights for Guern- 
sey and Holstein calves were, respectively, 162 and 201 Ib., with a standard 
deviation per calf of 18 lb. Similar values in inches for height at withers, heart 
girth, and circumference of barrel were, respectively, 32.8 and 34.2, 35.0 and 
38.3, and 43.6 and 46.0, with standard deviations of 1.0, 1.5, and 2.7. Increases 
in these growth criteria during the 12-wk. carotene supplementation period for 
Guernseys and for Holsteins, with their standard deviations were, respectively, 
141 and 168 lb., 10; 5.2 and 5.5 in., 0.8; 8.5 and 8.8 in., 0.7, and 10.3 and 11.5 in., 
1.7. Carotene intake did not appreciably or consistently affect these growth in- 
creases; however, Guernsey calves increased in growth at slower rates than 
Holsteins. The latter indicated that the procedure (7) used in caleulating the 
depletion ration allowance did not provide sufficient total digestible nutrients 
for the Guernsey calves, which weighed 39 Ib. less at the start of carotene sup- 
plementation than did the Holsteins 

Carotenoids and vitamin A. Plasma carotenoids and vitamin A concentra- 
tions prior to and during carotene supplementation are given in Table 2, and 
liver concentrations for the same constituents at the termination of carotene 
supplementation in Table 3. Guernsey calves had higher plasma concentrations 
of carotenoids, both initially and during carotene supplementation, than did Hol- 
steins. Also, liver concentrations of carotenoids were greater in the Guernseys 
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TABLE 2 
Effect of level of carotene intake from alfalfa on plasma carotenoids and 
vitamin A concentrations of Guernsey and Holstein calves 


Plasma carotenoids Plasma vitamin A 


Compari- 


Comparison period son period 
Initial average Initial average 
Actual Log Actual Log Actual Actual 
Carotene intake 
Guernseys (y/100 ml.) 
304 35 1.43 37 1.54 7.9 7.2 
60 4 48 1.53 61 1.77 8.6 13.4 
1204 15 1.10 122 2.06 8.0 17.6 
240 ¥ 14 1.12 175 2.21 9.1 19.9 
Holsteins 
30 ¥ 7 0.86 20 1.28 6.7 9.3 
604 7 0.78 3 1.51 6.5 14.6 
1204 5 0.65 65 1.80 7.3 21.6 
2407 10 0.98 76 1.85 8.2 20.3 
Standard devia- 
tion per calf 0.28 0.09 2.5 3.4 


Rate of linear change per log-log y carotene intake (carotenoids) or per log y carotene intake 


(vitamin A) 


Guernseys 3.35 14.0 
+0.34" + 25 
Holsteins 2.95 13.3 
+0.34 += 23 
Breeds combined 3.15 13.6 
+0.24 ae EY | 


* Per pound of live weight per day. 
"Standard error of the linear rate of change, so. 


than in the Holsteins. The linear rates of increase of log concentration of carot- 
enoids in the plasma per unit of log-log carotene intake and of log concentra- 
tion of carotenoids in liver per unit log carotene intake were somewhat similar 
between the two breeds, with Guernseys exhibiting slight, but not significantly 
greater, positive increases than Holsteins. 

In contrast to carotenoids, average plasma and log liver vitamin A concen- 
trations were higher for Holsteins than for Guernseys and the linear rates of 
change of these criteria on log carotene intake did not differ significantly between 
breeds. Therefore, Holsteins convert carotene to vitamin A and deposit it in the 
liver at a higher average level than do Guernseys. 

These data are in agreement with previous literature (10) in regard to 
greater concentrations of carotenoids for Guernseys than for Holsteins under 
similar feeding conditions, and confirm those data with respect to the greater 
efficiency of conversion of carotene into vitamin A by Holstein calves (2, 8). 
The results herein suggest, in addition, that the rates of conversion of carotene 
to vitamin A (as evidenced by similar rates of increase of plasma vitamin A 
concentrations on log carotene intake), and its subsequent deposition in the 
liver (as evidenced by similar rates of increase of log liver vitamin A concen- 
trations on log carotene intake) per log unit of carotene intake, are functionally 
similar between breeds but that they differ in average magnitude. 
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TABLE 3 
Effect of level of carotene intake from alfalfa on liver carotenoids and 
vitamin A concentrations of Guernsey and Holstein calves 
Liver 
vitamin A 


‘ Liver carotenoids Liver vitamin A per 100 Ib. 

Liver of live 

weight Actual Log Actual Log weight 

Carotene intake* [log 
Guernseys (g.) (7/100 g.) - - (y/100 1b.) | 





30 ¥ 2,461 75 1.87 36 1.25 2.19 
60 7 2 569 153 2.18 94 1.83 2.76 
120 2,747 276 2.40 466 2.57 3.49 
240 4 2528 108 2.59 641 2.78 3.71 
Holsteins 
30 7 2.787 38 1.58 53 1.66 
60 ¥ 2,937 63 1.80 280 2.45 
120 ¥ 2,903 117 2.07 SYS 2.92 
240 7 2,661 137 2.14 1,418 3.15 
Standard devia- 
tion per calf 291 0.12 0.31 0.59 
Rate of linear change per log y carotene intake 
Guernseys 0.79 1.76 1.76 
+0.09" +0.22 +0.43 
Holsteins 0.64 1.64 1.66 
+().09 +(0.22 +(.43 
Breeds 0.72 1.70 1.71 
+0.06 +0.16 +0.30 


‘Per pound of live weight per day. 
"Standard error of the linear rate of change, Sp. 


Because of the parallelism in response to intake, it was possible to estimate 
the efficiency with which Holsteins convert carotene to vitamin A in relation 
to that for Guernseys, under the assumption that the functional response is 
similar for both breeds. This was accomplished by determining the horizontal 
distance (5) between the linear regressions of response to log carotene intake 
for Holsteins and for Guernseys, and converting this value to a ratio represent- 
ing the relative efficiency in terms of actual intake.® Such calculations, utilizing 


°The linear regression of respors?, y, to log carotene intake, 2, for Guernseys is repre- 
sented as follows: v= Yo+b (x—2e) (1) 
in which Ve the average response for Guernseys for a particular criterion, b = combined slope 
of response on log carotene intake for both breeds, and Xe = the average log carotene intake for 
Guernseys. Similarly, for Holsteins, the linear regression is: 
y Yn + b(x—2n) (2) 
Setting y in (1) equal to y in (2) and solving for the horizontal distance between the two 
parallel lines of response gives the following: 
[ (un — ya) b|— [rn — xe] (3) 
Since the carotene intakes were equal for both breeds, the Ia— xo is equal to zero, thus 
simplifying the expression. This value determined from (3) represents the logarithm of the 
ratio of the efficiency of converting carotene to vitamin A for Holsteins to that for Guernseys 
or, in other words, (3) gives the ratio of the difference in log carotene intake required to give 
the same response for Holsteins as that for Guernseys. The ratio in terms of actual carotene 
intake is obtained by taking the antilogarithm of the value determined in (3). 
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plasma vitamin A concentrations as the response criterion, indicated that Hol- 
steins converted carotene to vitamin A 1.4 times as efficiently as Gurenseys, with 
95% confidence limits between 0.8 and 2.5. The ratio when liver vitamin A con- 
centration was employed as the criterion was 1.8, with confidence limits between 
1.2 and 2.8: 

Since Guernseys weighed on the average 39 lb. less than Holsteins at the be- 
ginning of carotene supplementation, and gained 27 lb. less during this period, 
the possibility existed that the weight of the liver in relation to live weight was 
different between breeds (3, 23). Average ratios of liver weight in grams to 
live weight in pounds for Guernseys was 8.52 and for Holsteins 7.66, with a 
standard deviation of 0.71. Since Guernseys had larger livers per unit of live 
weight, this indicated that Guernseys would store less vitamin A per unit of liver 
than Holsteins, when both were fed equivalent carotene intakes per unit of live 
weight. Therefore, to make a fairer comparison between breeds in estimating 
efficiency of conversion of carotene to vitamin A, total vitamin A in the liver 
was divided by the live weight obtained at the termination of carotene supple- 
mentation (last column of Table 3). Employing these calculated values, it was 
found that Holsteins converted carotene to vitamin A 1.7 times as effectively as 
did Guernseys, with 95% confidence limits between 0.8 to 4.5. 

Because it is now known that the ability of dairy cattle to convert carotene to 
vitamin A is an inherited characteristic (11, 14), and because of the small sample 
of calves of both breeds used herein, the limitations of the application of these sta- 
tistics to feeding practice is recognized. In spite of this, it seems reasonable 
to accept that a difference exists between breeds in ability to convert carotene to 
vitamin A, as evidenced by somewhat similar data from two additional groups of 
workers (2, 8), employing animals in two different herds at two different 
locations. 

Spinal fluid pressure. The initial spinal fluid pressure at the start of caro- 
tene supplementation was equal to or less than 90 mm. Ho20 in all but four calves, 
in which it measured 95 mm. H.O. Terminal spinal fluid pressures at the com- 
pletion of the 12-wk. carotene supplementation period were equal to or less 
than 90 mm. H20 in all but two calves of those receiving the 60- to 240-y carotene 
intakes, and for these it was 95 mm. H2O. In the three Guernsey calves re- 
ceiving the 30-y carotene intake, spinal fluid pressure averaged 125 mm. H.2O, 
which is considered (15, 16) indicative of vitamin A deficiency. In two of the 
Holsteins receiving the 30-y carotene intake, spinal fluid pressures were 95 and 
90 mm. H.O, respectively. In the case of the third calf, a successful spinal pune- 
ture was not achieved. 

These data are in good agreement with those of Moore and associates (15, 16). 
It would appear that there is a definite need for the collection of additional data 
at sufficiently low carotene intakes to provide increased spinal fluid pressure, and 
for the subsequent quantitative analysis of such data. This would allow direct 
comparisons between the results using blood and liver vitamin A concentrations 
and those utilizing increased spinal fluid pressure. 
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COMPARISON OF ALFALFA HAY AND ALFALFA SILAGE ALONE 
AND WITH SUPPLEMENTS OF GRAIN, HAY, OR CORN 
SILAGE FOR GROWING DAIRY CALVES 


J. W. THOMAS, J. F. SYKES, ann L. A. MOORE 
Dairy Cattle Research Branch, USDA, Beltsville, Maryland 


SUMMARY 


It was again demonstrated that dairy heifers can be successfully reared to calving 
time on a ration using only 370 lb. of whole milk, 400-500 lb. of grain, and unlimited 
quantities of good alfalfa hay. Substituting a mixture of wilted alfalfa and corn silages 
tor the hay in such a feeding schedule produced very low rates of gain and feed con- 
sumption. As a result, the final weight of heifers so fed was only 76% of normal. The 
performance of heifers fed the corn and alfalfa silages was below that of other heifers 
fed straight wilted alfalfa silage. Feeding wilted alfalfa silage plus a supplement of 
either hay (1 lb/ewt) or grain (2 lb/day) produced heifers that were only slightly 
smaller at 2 yr. of age than heifers reared on alfalfa hay. Heifers fed the silage ration 
consumed less dry matter than heifers fed hay. Reasons for the voluntary decrease in 
consumption of heifers fed silage are not apparent. 


The limits to which various types of roughages can be used economically in 
the diet for the growing of replacement dairy heifers have received recent at- 
tention (1, 3, 8, 14, 15, 16). In limited milk-limited grain feeding regimes 
heifers have attained normal weight and development when receiving unlimited 
amounts of alfalfa or other good hay (1, 3, 6, 16, 18). Several trials have been 
performed in which legume or grass silages were substituted for the alfalfa hay 
(2,5, 6, 7, 12, 13, 16, 19, 20). Somewhat conflicting results have been observed in 
short-term trials when hay was compared to hay crop silage alone or to the 
silage plus a supplement (2, 5, 7, 13, 20). In one trial, heifers fed silage and 
¢rain had larger body weight gains than similar heifers fed hay plus grain (7) ; 
in another trial, they had less gain (20). Steers fed silage and hay had less gain 
than those fed hay. In these trials the forages were harvested from the same 
field (19). Heifers fed silage plus a limited amount of hay were found to have 
subnormal gains in body weight (2). In another trial where the silage intake 
was limited, or when equal quantities of silage and hay were fed, the calves had 
body weight gains equal to those of calves fed hay only (5). 

The above trials were performed over a short feeding period. In longer-term 
trials hay crop silage has produced subnormal gains when fed as the only rough- 
age to calves from birth to 2 yr. of age (6, 16). The addition of a small amount 
of hay to the silage ration did improve the body weight gain of the calves (16). 

In a continuation of such investigations an attempt has been made to find 
ration combinations that would give satisfactory performance yet make maximum 
use of hay crop silage. The results of these studies form the subject matter of 
this report. 

EXPERIMENTAL PROCEDURE 

Eighty-five calves were assigned to five experimental groups as they were 

born. Each calf received a total of 370 lb. whole milk during the first 60 days. 


Received for publication November 26, 1958. 
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A grain mixture was offered when each calf was ten days of age and increased 
up to 3.0 lb. per day, depending on appetite. The amount was reduced to 2 Ib. 
per day at 150 days of age and omitted after 240 days of age, except in Groups 7 
and 8, as indicated below. Other information on procedure appears in previous 
publications (16, 18). 

The current trials form an expansion and continuation of those published 
previously (14) and numbers used to designate group treatment also form a 
sequence with the previous groups. Calves in the current Group 4 received 
U. S. No. 1 alfalfa hay to the limit of appetite. All other groups received a 
high-quality wilted alfalfa silage to the limit of appetite, plus either corn silage, 
hay, or additional grain. Group 5 was fed equal quantities of alfalfa and corn 
silage. Group 6 was fed alfalfa silage plus 1 lb. hay per 100 lb. body weight 

ewt.). Group 7 was fed alfalfa silage and 2 |b. grain per day after 150 days of 

age. Group 8 received 3 lb. grain per day from 5 to 8 mo. of age and 2 Ib. 
per day from 8 to 12 mo. of age, after which none was fed. The dietary treat- 
ments received by these groups are outlined in the upper portion of Table 1. 
Heifers received the forages from ten days of age until calving time, but data 
after 2 yr. of age are not presented in this report. 

Data on body weight and gains were treated statistically, according to the 
method outlined by Dunean (4). 

Some of the heifers in Groups 6 and 8 received a grain mixture containing 
either 15 or 26% protein. A study of these data indicated that the difference 
in protein content of the grain fed did not influence responses (P > 0.05) to 
the forages fed. Consequently, heifers fed the different grain mixtures were 
combined in their respective groups. Heifers in Group 4 received the grain 
mixture containing 15% protein, and heifers in Groups 5 and 7 received the 
grain mixture containing 26% protein. Some of these data have appeared in a 
preliminary form (18) 

RESULTS 

Average body weight gains are given in the center portion of Table 1, grouped 
according to three specific age periods. The rate of gain for calves up to 8 mo. 
of age was not influenced by dietary treatment in Jersey calves. In Holstein 
ealves the differences at this age (0-8 mo.) were not as marked as at the older 
ages, although some of the differences were statistically significant (5 < 6,7, or 4 
at P = 0.05: 6 > 5 or 8 at P = 0.05, and 6 > 5 at P= 0.01). 

The effect of dietary treatment on rate of gain was larger during the 8-12 mo. 
age period than at other intervals. Heifers fed alfalfa silage supplemented with 
either corn silage or hay (Groups 5 and 6) gained at a slower rate (P < 0.01) 
than heifers fed only alfalfa hay during the 8-12 mo. age. period. Heifers fed 
corn and alfalfa silages (Group 5) had a slower rate of gain (P= 0.05) than 
those fed silage and hay (Group 6) during this period. Supplementing alfalfa 
silage with grain (Groups 7 and 8) produced faster rates of gain than supple- 
menting silage with hay (Group 6), but these differences usually were not sig- 


nificant. Heifers fed alfalfa silage and grain gained at a lower rate than heifers 
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fed hay during this age interval. This difference was not significant with Hol- 
stein heifers but was for Jersey heifers. 
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After 1 yr. of age heifers receiving only silage (Groups 5 and 8) gained at 
a slower rate than heifers receiving silage and hay, silage and grain, or hay only 


Groups 6, 7, and 4). There were no significant differences in rate of gain among 
the latter three groups (6, 7, and 4). The rate of growth of Group 8 decreased 


markedly after the cessation of grain feeding at 12 mo. of age. 

The average body weights at 1 and 2 yr. of age are given in Table 1. At 
; 1 yr. of age the heifers fed the mixture of alfalfa and corn silages (Group 5) 
were lighter in weight than heifers in the other groups (Group 5 < Group 4, 7, 
or 8 at P = 0.01 in both breeds; Group 5 < Group 6 at P = 0.01 with Holstein 
heifers). Heifers fed hay (Group 4) were heavier than heifers fed alfalfa silage 





plus hay or grain. This difference was not significant with Holsteins, but some 
differences with Jerseys were of statistical significance (4 > 6 at P =0.01 and 
i> T at P= 0068). 

; Differences in body weight at 2 yr. of age among treatment groups were 


eee Tose 


larger and of greater statistical significance in Holstein than in Jersey animals. 
Heifers fed alfalfa and corn silages and those fed alfalfa silage and grain only 
to 1 yr. (Groups 5 and 8) had the lowest body weights at 2 yr. of age (Groups 
d5or8 < 4,6o0r7 at P =0.01 with Holsteins and P = 0.05 with Jerseys). Heifers 
fed hay (Group 4) were heavier than those fed alfalfa silage and supplements 
of either hay or grain (Groups 6 and 7), but the differences were not statistically 
significant for either breed. 

At 2 yr. of age the body weight of Holstein and Jersey heifers in Group 4 


‘ 

3 

; surpassed the Ragsdale standard, and the weight of the Holstein heifers was 
j equal to that of the heavier Beltsville standard. The weight of heifers in Group 5 
: was only 76% of the Beltsville standard, and the Jersey heifers in Group 8 were 
: equally undersized. The weights of the other groups receiving silage plus hay or 
: erain were 85 to 96% of the Beltsville standard. These values are shown, along 
with actual body weight (in Table 1). 

Dry matter consumed at any given age or body weight was least for heifers 
fed only silage, highest for hay animals, and intermediate for heifers fed silage 
plus a hay or grain supplement. The dry matter intake at any given body weight 
was below the National Research Council (N.R.C.) recommended level (11) for 
calves in Groups 5 and 8 when they were fed only silage. Generally, the level 
of consumption paralleled the rate of growth, which is in agreement with earlier 
results (16, 18). Reasons for the decrease in voluntary consumption when 





heifers are fed alfalfa silage are currently under investigation (17). 


DISCUSSION 
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In this trial, the body weights and rates of gain of heifers fed hay (Group 4) 
} were indistinguishable from those of heifers fed hay in a _ previous trial 
; ; Group 1—Reference 16). 

? : The body weight, rate of gain, and dry matter consumption of heifers fed the 
mixture of alfalfa and corn silages (Group 5) were less (though not statistically 
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significant) than those of hiefers fed only alfalfa silage in a previous trial 





Group 3—Rerefence 16). Keener et al. (6) have made similar observations. 
The protein intake of heifers fed mixed silages (Groups 5) was lower than that 
for heifers on any other rations at any given age or body weight. It was below 
the N.R.C. recommended allowance (11) during the 8-11 mo. age period for 
Holstein heifers and during the 8-18 mo. period for Jersey heifers. During the 
S—11 month age interval the average daily intakes were 1.06 and 0.78 lb. protein 
for Holstein and Jersey heifers, compared to the N.R.C. recommended allowances 
at 1.25 and 1.10, respectively. The low protein intake could have contributed to 
the low rate of gain in Group 5, but it seems questionable that it was a major 
factor. 

Supplementing alfalfa silage with 1 lb. hay/ewt (Group 6) did not increase 
final weight or periodic weight gains above that when heifers were supplemented 
at the rate of 0.5 lb. hay/ewt (Group 2) in a previous trial (16). Heifers fed 
silage plus hay (1.0 or 0.5 lb/ewt) or silage plus grain (2 lb/day) gave similar 
responses. However, the final body weight of either group was not as great as 
that of heifers fed hay, although the differences were not significant (P > 0.05), 
using the procedure outlined by Duncan (4). This result was observed, even 
though weight gains of heifers fed silage plus hay were always less (P = 0.01) 
than those of heifers fed only hay during the 8-12 mo. interval. This age interval 





appears to be the most critical time in which to compare hay and silage rations 
for heifers with this or similar feeding regimes. 

Group 8 in this trial was fed additional grain from 5-8 mo. of age. How- 
ever, their body weight gains to 8 mo. of age were not improved above those of 
other silage-supplemented groups (6 and 7). This was especially true of 
Holstein heifers, although the Jersey heifers may have benefited somewhat from 
this treatment. 

The growth rate and total dry matter intake were reduced in Group 5 and 
to some extent in Group 6 after the cessation of grain feeding at 8 mo. of age. 
Similarly, there was a marked reduction in growth rate and dry matter intake 
of heifers in Group 8 when grain feeding was discontinued after 12 mo. of age. 
Reduction was more pronounced in Jersey than in Holstein heifers. After grain 
feeding was discontinued, the body weight gain of the Jersey heifers in Groups 5 
and 8 averaged only 18 lb. during the following 2-mo. interval. The coefficient 
of variation of Jersey heifers was always greater than for Holstein heifers in the 
weight and gain data given in Table 1. 

It would be improper to interpret these results as indicating that hay crop 
silages should not be fed to growing dairy animals. It is likely that hay crop 
silage supplemented with the proper amount of hay or grain would grow re- 


c 
é 


placements equal in size to those fed on hay only. Extrapolation of the present 
findings and other evidence (10, 13) indicate that normal growth would be 





expected when heifers received unlimited amounts of wilted alfalfa silage sup- 
plemented continuously with 4 lb. grain/calf/day. Feeding equal quantities of 





hay and silage has produced satisfactory results (5). 
The alfalfa silages used in these investigations were made by the wilting 
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procedure and contained about 30% dry matter. High-moisture silages would 
be expected to produce still less satisfactory results than the wilted silages used 


in the present trials. 
These and previous trials (16) were performed during the entire growing 


period of the heifer. It is possible that feeding hay crop silages as the sole or 
predominant feed for a short period of time may only temporarily retard 
heifers and that if they are adequately fed at other times there may be no effect 


on their ultimate body size. 


(1) 


(10 


(11 


(14) 


(15 


(16 
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EFFECTS OF FEEDING AUREOMYCIN TO DAIRY CALVES 


J. W. THOMAS, R. E. MCDOWELL, anp H. W. MCMULLAN 
Dairy Cattle Research Branch, USDA, Beltsville, Maryland 


SUMMARY 


Aureomyein was fed for 3 mo. to dairy calves in two herds with different feeding 
and management practices. Increased body weight gain was obtained in both herds. 
However, the greatest increase occurred after the milk-feeding period in the herd 
where no milk was fed after 2 mo. of age. An increase in feed consumed (mostly 
roughage), efficiency of feed utilization, and a decrease in the incidence of diarrhea were 
observed when aureomyein was fed. When aureomycin was removed from the ration, 
the calves gained less and had a lower efficiency for the following 1 or 2 mo. than 
calves that had not received aureomyein. Heifers that had been fed aureomyein as 
calves weighed no more at .5 to 1 yr. of age than calves that had not been fed aureo- 
mycin. Therefore, the major advantage in feeding aureomyecin to calves is the reduction 
in the incidence of diarrhea and not the temporarily increased growth rate. There 
was an indication that the aureomyein growth response varied in calves from different 
sires. 


A majority of the experiments in which calves were fed aureomyein (chlor- 
tetracycline) has shown an advantage in weight gains and general health in the 
treated calves as compared to that of control calves. These findings have been 
reviewed by several authors (4, 6, 8). Evidence also indicates that the responses 
due to aureomycin feeding may be modified by diet and environment (1, 2, 5). 





Also, body weight gains were reported to be drastically reduced or not affected 
when aureomycin was removed from the diet (2, 4, 6, 7, 8). Aureomycin has 
been fed to dairy animals from birth to beyond the final lactation and into the 
second generation. The greatest effect occurred during the first 6 mo. of life 
(3, 6). Adequate studies on the performance of calves for a long period after 
aureomycin was removed from the ration have not been conducted. 

This experiment was undertaken to obtain information on several additional 
aspects of aureomycin feeding to calves. These were: (1) its effect in two herds 
of calves which were fed and managed differently, and (2) the subsequent growth 
of calves after aureomycin feeding was discontinued at 90 days of age. 


EXPERIMENTAL PROCEDURE 

This experiment was performed with two herds of calves fed and managed 
by different personnel and under different conditions at Beltsville, Maryland, 
from 1954 through 1957. 

Calves in both herds were given colostrum for from three to four days and then 
changed to whole milk. In Herd A whole milk up to 10 lb/day was fed for the 
first 30 days. It was then gradually replaced by skimmed milk during the next 
2 wk. The amount of skimmed milk fed was gradually increased to 16 lb/day/calf 
by the age of 3 mo. and continued at this rate until the calves were 6 mo. of age. 
This schedule was for calves of the Holstein breed ; smaller-breed calves received 
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FEEDING AUREOMYCIN TO CALVES 659 
somewhat smaller quantities of milk. A grain mixture consisting of 30 parts 
each of cracked corn, crushed oats, wheat bran, and ten parts linseed meal with 
1‘¢ trace-mineralized salt was used. It was fed in amounts up to 0.5 lb/calf/day 
for the first 30 days; 1 to 1.5 lb. until 2 mo. of age, when it was increased stepwise 
to 3 lb/day at 3 mo. of age and continued at this level. After cessation of milk 


33 Ib., 


linseed meal—17 I|b., and trace-mineralized salt—l1 lb. Free access to good-quality 





feeding, the grain mixture consisted of corn meal—50 lb., wheat bran 


alfalfa hay was allowed at all times. A mixture of trace-mineralized salt and 
bone meal was placed before these calves when 30 days of age. Calves in this herd 
were observed to 1 yr. of age. 

In Herd B all calves received 370 lb. of whole milk during the first 2 mo. 
and no milk thereafter. A grain mixture consisting of corn meal—44 lb., crushed 
oats—22 lb., wheat bran—22 lb., soybean meal-—11 lb., and iodized salt—1 |b. 
was used. This was fed in amounts up to 3 lb. per day as soon as that amount 
was consumed and continued at this rate until 6 mo. of age. Free access to 
wilted alfalfa silage and grain was begun at ten days and to alfalfa hay at 
30 days of age. Silage and hay were fed so that the consumption ratio was ap- 
proximately 3:1 until 5 mo. of age, when the diet was changed and this experiment 
was terminated. Net consumption of individual calves and dry matter determi- 
nations were made for all feeds fed to calves in Herd B. This information was 
used in estimating total digestible nutrient (TDN) consumption and efficiency 
of body weight gains. The principal difference between feeding practices in 
the two herds was in the amount of milk that was fed. 

All calves were weighed once every ten days and on three consecutive days 





at monthly intervals. They were kept in concrete-walled separate 4 by 6 ft. pens 
bedded with straw over raised wire-mesh screens until they were 30 days of 
age. They were then placed in pens, grouped according to size, and bedded on 
wood sawdust or shavings. Calves have been reared in these same buildings under 
similar conditions for the past 25 years. 

Calves over 30 days of age in Herd A were in stanchions about 1 hr. each 
day, when milk and grain were fed. For the remainder of the day, they were 
loose in an enclosed barn with about 3 sq. ft. per calf and were exercised in an 
outside lot two days every week. Calves of this age in Herd B were in stanchions 
about 11 hr. intermittently during the day, where they had access to feed, and 
at other times they were loose in pens of 1.8 sq. ft. per calf. Water was avail- 
able to all calves when they were loose. The difference in management practices 
between herds was relatively greater than the difference in feeding practices. 

Observations on condition of calves and incidence of diarrhea (scours) were 
recorded daily by the animal caretaker, herdsman, and one other person for all 
calves in Herd A. Records on Herd B were not sufficiently complete for presen- 
tation. When scours appeared, they were promptly treated by the herdsman 
or by a veterinarian, with antibiotics, sulfa drugs, or Bismuth and Alumina jells. 

Alternate calves of the Holstein breed were fed aureomycin during three 
consecutive years in Herd A. The major portion of the discussion and conclusions 


is based on the performance of these animals. During 1 yr. supplementary 
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information was obtained on Jersey and crossbred calves in this herd. In Herd B, 
alternate female calves of the Jersey and Holstein breeds were fed aureomycin 
during a concurrent 2-yr. period. 

Aureomycin was fed two times daily as Aurofac-D' suspended in milk. For 
the calves in Herd B after the milk-feeding period, it was suspended in warm 
water. All calves received aureomycin at the rate of 50 mg. per calf per day from 
three to 60 days of age and at the rate of 100 mg. daily from 61 to 90 days of age. 


None was fed after this time. 


RESULTS AND DISCUSSION 

Effect on grain when aureomycin was fed. Mean body weight gains for 
specific periods are given in Table 1. The values are for calves of various breed 
groups in both herds that were given aureomycin and for contemporary calves 
not fed aureomyein. Gains were larger when calves were fed aureomycin. This 
inerease was significant for all breed groups (P < .05 to < 0.01, Table 1). The 
average increase in gain to 90 days of age for 164 treated calves was 19 lb. more 
than that of 160 comparable control calves. 

The difference in body weight between treated and control calves was greater 
at 90 days than at 60 days which, in turn, was greater than at 30 days. This can 
be observed in Figure 1, where the cumulative growth curves of two groups are 
presented. However, the body weight gains of the treated calves were 118, 116, 
and 119% of the control calves during the Ist, 2nd, and 3rd mo., respectively. 
The difference in rate of gain increased markedly for calves in Herd B after the 
milk-feeding period. This observation is in agreement with that of Hogue ef al. 
(2), in which the antibiotics markedly increased gains of early-weaned calves 
after the milk-feeding period. However, the results obtained with calves in 
Herd A indicate that the antibiotic also increased gains where a most liberal 
amount of milk was fed and scours were at a minimum. This is somewhat con- 
trary to other results reported by Hogue et al. (2), that with a high milk feeding 
regime the antibiotics were found to be effective only when digestive disorders 
were prevalent. 

A close examination of the results suggested that there was a possible differ- 
ence in response to treatment at different periods, and that calves of some sires 
gave a larger response to treatment than did calves of other sires. For instance, 
in the Holstein females of Herd A the advantage due to antibiotics for the six 
half-vyearly periods ranged from 1.5 to 30.0 lb. Treated calves of one sire gained 
31.5 lb. more than control calves of the same sire ; yet, treated calves from another 
sire gained only 2.1 lb. more than controls. 

Statistical analysis indicated that interaction between sire of calf and treat- 
ment and between period and treatment approached significance for the Holstein 
females, but not for the Holstein males. The results of this trial suggest that 


*Aurofac D—containing 5 g. aureomycin per pound. Supplied by Lederle Laboratories 
Division, American Cyanamid Co., Pearl River, N. Y. 
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sire of calf and season might influence response to antibiotics. Further informa- 
tion on this suggestion would appear desirable. 

Effect on gains after cessation of aureomycin feeding. The growth rate de- 
creased temporarily after aureomycin was omitted from the ration. Body weight 
gains were less for calves of the treated groups immediately after withdrawal 
of aureomycin than for control calves. This is indicated in Table 1, Part I], and 
in Figure 1. In two of the groups the control calves gained significantly more 
(P < 0.01) during the 4th mo. of life than calves that had received aureomycin 
to 90 days of age. At 4+ and 6 mo. of age the treated calves of the crossbred group 
contained a higher proportion of faster-growing crossbreeds than the control 
group, which accounts for the larger gains in this group during both of the after- 


treatment periods. 
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Fig. 1. Cumulative growth curve of calves that received aureomycin (dashed line) and 
control calves (solid line). Upper set of lines represents Holstein females in Herd A; lower set 


represents Jersey females in Herd B. 


There was an indication of a lower growth rate for treated calves during 
the 5th and 6th mo. Gains during this period are given in Table 1, Part III. 
The data for the crossbred females should be discounted for reasons mentioned 
previously. A cumulative growth curve for treated and control Holstein female 


calves up to 1 yr. of age is shown (Figure 1). Both treated and control calves 
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of all breed groups had approximately the same body weights from 6 to 12 mo. 
of age. 

The comparative reduction in body weight gains after removal of aureomycin 
was very noticeable in this experiment and was in agreement with the results 
of other investigations, although not in complete agreement with some earlier 
results (4, 6, 7, 8). 

Effect on efficiency of gain. The efficiency of body weight gain was higher 
for the aureomycin-fed than for control calves. Gains per 100 Ib. TDN con- 
sumed are presented in Table 2 for calves in Herd B. However, during the 2-mo. 
period after cessation of aureomycin feeding, the efficiency of gain of these calves 
was reduced below that of the control calves. This latter difference was sig- 
nificant (P < 0.01) with Jersey females, but lacked significance in the case of 
the smaller number of Holstein females. The average efficiency to 5 mo. of age 
was approximately the same for both treated and control calves. 

The TDN intake was more for calves receiving aureomycin than for control 
calves (Table 2). The largest difference was during the 60- to 90-day period, 
with very small or no differences found during the first 2 mo. This greater intake 
during the 3rd mo. was mostly roughage. 

After cessation of aureomycin feeding the average TDN intake was the same 
for treated and control calves for either the 4th or the 5th mo. This does not 
uphold the suggestion (7) that the reason for the reduced growth at this time 
was because consumption was subnormal. 

The data in the present experiment indicate that aureomycin stimulated 
appetite and rate of body weight gain while it was being fed, and that after 
cessation of aureomycin feeding there was a decreased rate of gain with a normal 
intake of feed nutrients. 

TABLE 3 
Percentage of all calves treated for diarrhea (antibiotic-supplemented vs. 
control calves in Herd A) 





Age ofcalves (days) 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 > 90 
Antibiotic supplement 
12.9 18.6 7.4 4. 
14.4 19.2 9.8 8 


0.8 0 0 6.0 
3.9 0.5 5.0 4.0 

Effect on incidence of diarrhea. Calves were given a symptomatic treatment 
for diarrhea as soon as this condition was suspected. The percentage of calves 
that were given treatments was used as an indication of the incidence of scours. 
These data are given in Table 3. There was a larger percentage of control calves 
than of antibiotic-fed calves given treatments for scours. These differences were 
not large, but they were consistent for all ages and all periods during the trial. 
Three calves in Herd A died as a result of scours during the 3-yr. period. All 
were in the control group. 

The results of this experiment are in agreement with the majority of other 
data indicating that feeding of aureomycin to young calves increased rate of 


growth, rate of feed consumption, efficiency of growth, and reduced the amount 
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of diarrhea. This occurred in all breed groups in both herds. There was a 
decrease in growth rate and efficiency of feed utilization after removal of aureo- 
mycin, so that the net effect on growth and efficiency was nil over a 5- or 6-mo. 
period. Heifers fed aureomycin as calves did not have greater body weights 
at 6 or 12 mo. of age than calves not fed aureomyein. 
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EFFECT OF PEPSIN ON THE GROWTH AND HEALTH OF YOUNG 
DAIRY CALVES FED VARIOUS MILK-REPLACER RATIONS! 


Cc. A. LASSITER, G. F. FRIES, C. F. HUFFMAN, anp C. W. DUNCAN 
Departments of Dairy and Agricultural Chemistry, Michigan State University, 


East Lansing 


SUMMARY 


Sixty-four two-day-old Holstein calves were divided into eight groups and placed 
on experiment for 70 days, to study the value of supplementing various milk-replacer 
rations with the enzyme pepsin. Four pairs of replacers were fed which ranged from 
a high-dried skimmilk—no soya flour ration to a no-dried skimmilk—high soya flour 
ration. The composition of each pair of replacers was the same, except that four 
contained 0.5% pepsin and four did not. Since the soya flour contained a higher per- 
centage of protein than the dried skimmilk, as the percentage of soya flour increased in 
the replacers it was necessary to decrease the amount of dried whey and to increase the 
percentage of cerelose, in order to keep the protein content of the replacers comparable. 

Growth rates decreased significantly as the amount of dried skimmilk decreased and 
the amount of soya flour increased in the ration. Pepsin depressed slightly the rate 
of growth of all calves. 

Pepsin-fed calves tend to consume less calf starter and more hay, and required 
more feed per pound of gain than did the calves which did not receive pepsin. 

Data presented in this study support an earlier observation that the feeding of a 
pepsin-supplemented, plant protein milk-replacer ration does not improve the per- 
formance of calves. 


Previous investigations at the Michigan Station and elsewhere (5, 6) showed 
that milk-replacer formulae composed largely of vegetable products did not sup- 
port normal growth until the calves were about 25 days of age. Additional 
studies (7) showed that the digestibility of these replacers was low until the 
ealves were more than 25-30 days of age. Fries et al. (1) reported that the ad- 


dition of enzymes, including pepsin, did not improve the performance of calves 


fed vegetable-type milk replacers, nor did pepsin have an appreciably favor- 
able effect on the growth rate of calves fed either a dried skimmilk-cerelose or 
soya-cerelose replacer. In studies at the Iowa Station (8), pepsin and animal 
diastase supplementation of whole milk and gruel-type rations did not improve 
the performance of calves up to 10 wk. of age. 

The present study was initiated further to evaluate the effect of pepsin- 
supplemented milk-replacer rations which ranged from a high-dried skimmilk— 
no soya flour ration to a no-dried skimmilk—high soya flour ration. It was thought 
that pepsin might improve the performance of calves if a suitable combination 
of dried skimmilk and soya flour could be found. 


EXPERIMENTAL PROCEDURE 


Sixty-four two-day-old Holstein calves of both sexes were randomly selected 
and divided into eight similar groups, based on initial body weight and sex of 


Received for publication September 19, 1958. 
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calves (six male calves and two female calves per group). All calves remained 
with their dams for about 48 hr. after birth, after which they were weighed and 
placed in individual pens. 

The eight experimental groups differed only in the type of milk replacer fed, 
as shown in Table 1. The daily milk and milk replacer feeding schedule was as 


TABLE 1 
Composition of the experimental milk-replacer rations 


Replacer No. 








Ingredient Starter Hay land1-A* 2and2-A 3and3-A 4and4-A 
— —— (lb.) —— 

Dried skimmilk 33.0 22.0 12.0 
Soya flour 11.0 20.0 28.0 
Dried whey 37.0 24.0 15.0 15.0 
Cerelose 16.4 29.4 39.4 43.4 
Corn distillers solubles 10.0 10.0 10.0 10.0 
Trace salt” 0.5 0.5 0.5 0.5 
Dicaleium phosphate 2.0 2.0 2.0 2.0 
Aurofae D 1.0 1.0 1.0 1.0 
Vitamin and mineral mix‘ 0.1 __ 0.1 0.1 _ 0.1 

Total 100.0 100.0 100.0 100.0 

Chemical analysis ( % ) 

Dry matter 87.3 86.8 92.3 91.8 91.7 92.1 
Crude protein 16.5 16.0 19.1 18.9 18.9 18.4 
Ether extract 3.9 1.4 0.9 12 bes 2.1 
Crude fiber 5.5 9.8 0.6 5.4 ei ri | 
Ash 5.0 7.0 9.5 8.1 7.2 6.2 
Nitrogen-free extract 56.4 32.6 62.2 58.2 56.8 58.3 


“Replacers 1-A, 2-A, 3-A, and 4-A were supplemented with 0.5% pepsin. 
"Salt plus cobalt and iodine. 
Noller et al. (6). 


follows: 0-2 days—dam; 3-10 days—4.0 lb. milk and 0.6 lb. milk replacer; 
11-14 days—2.0 lb. milk and 1.0 lb. milk replacer; 15-18 days—1.4 lb. milk re- 
placer; 29-35 days—1.0 lb. milk replacer; 36-42 days—0.6 lb. milk replacer; 
43-49 days-—0.4 lb. milk replacer ; 50 days and over-—no replacer. 

All calves received good-quality second-cutting alfalfa hay free choice, and 
the same calf starter beginning at 1 wk. of age. The calves were limited to 5 |b. 
of starter per day. The ingredients of the starters were the same as reported 
previously (3), and the chemical composition of the starter and hay is shown 
in Table 1. 

Feed consumption data and the general health of the calves were recorded 
daily. Body weights were recorded at two and 72 days of age and at approxi- 
mately weekly intervals throughout the experiment. Height at withers and 
chest cireumference measurements were taken at two, 47, and 72 days of age. 

In the statistical treatment of the data, analysis of variance was used and if 
significant differences were indicated this was followed by Hartley’s multiple 
range test, as outlined by Snedecor (9), to determine among which replacer 
groups these differences existed. 
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RESULTS AND DISCUSSION 

The composition of each experimental milk-replacer ration is presented in 
Table 1. 
19.0%, to approximate the minimum protein content of replacers necessary for 
Replacers 1-A, 2-A, 3-A, and 4-A contained the same 
ingredients as Replacers 1, 2, 3, and 4, except they were supplemented with 0.5% 


The crude protein content of all replacers was kept at approximately 
optimum growth (4). 
pepsin.” As the dried skimmilk content of the replacers decreased and the 
soya flour content increased, adjustments were made in the dried whey and 
cerelose contents, but all other ingredients remained the same. The change in 
composition resulted in an increase in the crude fiber content and a slight decrease 
in the ash content of the replacers as the amount of soya flour increased. 

The influence of the various replacers on the rate of growth is presented in 


Table 2. 


TABLE 2 


Effect of milk replacers and pepsin on the growth of dairy calves from two to 72 


Average Average 


> 


Average daily gains in body weight significantly decreased as the 


days of age 


Average total increase in 


Average 








Replacer starting daily gain daily gain Height at Heart 
No. weight 2-49 days 2-72 days withers girth 
——_—_____— (lb. )-— a Nn, | ———_— 
l 90.6 0.640.20" 1.01+0.23" 3.88 6.44 
1-A 92.2 0.69+0.15 0.97+0.17 3.43 5.66 
Average 91.4 0.67 0.99 3.66 6.05 
2 93.6 0.62+0.22 O.97+0.14 3.55 6.33 
2-A 91.2 0.54+0,22 O.81+0.27 2.99 9.50 
Average 92.4 0.58 0.89 3.27 ‘ 
3 90.6 0.45+0.15 0.79+0.22 2.89 5.53 
3-A 92.8 0.27+0.25 0.630.200 4.82 
Average 91.7 0.36 0.71 5.18 
+ 92.1 0.52+0.24 O.780.26 5.53 
4—A 90.8 0.41+0.19 0.7120.15 5.31 
Average 91.5 0.47 0.75 5.42 
No pepsin 91.7 0.56 0.89 3.3 5.96 
Pepsin 91.8 0.48 0.78* 3.00 5.32 
*P < 0.05. 
"Standard deviation. 
Significant differences in two- to 49-day average daily gain: Replacers: P< 0.01— 
1, 2>3. 
Significant differences in two- to 72-day average daily gain: Replacers: P < 0.05— 
1,2 > 3; pepsin: P < 0.05—1-A > 2-A, 3-A, 4-A; 2-A > 3-A, 4-A; 4-A > 3-A. 





amount of dried skimmilk in the ration decreased and the amount of soya flour 
increased. This was evident at both the 49- and 72-day weighing periods. These 
data confirm earlier results from this station (5, 6) which indicated that calves 
fed milk-replacer rations containing low levels of animal protein do not make 
optimum gains in body weight. At both weighing periods, the average daily gains 
of the calves fed Replacers 1 and 2 
Replacer 3. 
siderably lower than those fed Replacers 1 and 2. 


were significantly greater than those fed 
The average daily gains of calves fed Replacer 4 were also con- 


*1: 3000 N.F.. 


Cudahy Laboratories, Omaha, Nebraska. 
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In no case did the addition of pepsin to the various replacer rations have 
a significantly beneficial effect on growth rate. In every case, except with Re- 
placers 1 and 1-A, the addition of pepsin lowered slightly the average daily gain 
of the calves as compared to the calves fed a comparable pepsin-free replacer. 
This slight depression in growth appeared to be greater during the first 47 days 
of the trial with Replacers 3-A and 4-A, which contained the highest amount of 
soya flour. Assuming that an enzyme deficiency exists during the early life of 
the calf, this finding is somewhat contrary to the theory that plant protein re- 
placers should be supplemented with pepsin. Disregarding rations, the calves 
fed the pepsin-supplemented replacers gained in body weight at a slightly slower 
rate from two to 49 days of age than did the calves fed the unsupplemented 
replacers. Over the entire 70-day trial, the calves fed the pepsin-supplemented 
replacers gained in body weight at a significantly slower rate than the unsupple- 
mented calves. 

Data for skeletal growth corresponded very closely to the data obtained for 
average daily gains (Table 2). 

Feed consumption and feed efficiency data are presented in Table 3. Calves 


TABLE 3 


Effect of milk replacers and pepsin on feed consumption and utilization 
Average total consumption per calf 


Replacer Feed/lb 


No. Milk Replacer Starter Hay of gain 
] 40.0 42.4 144.7 26.6 3.10 
1-A 39.6 42.3 137.1 27.2 3.11 
Average 39.8 42.4 140.9 26.9 3.11 
2 40.0 42.4 148.0 30.6 3.34 
2-A 40.0 42.4 131.6 31.2 3.69 
Average 40.0 42.4 139.8 30.9 3.52 
3 40.0 42.4 116.6 36.4 3.60 
3-A 40.0 42.4 112.4 42.3 4.58 
Average 40.0 42.4 114.5 39.4 4.09 
4 40.0 42.4 143.3 29.1 3.95 
4-A 39.8 42.4 115.4 29.2 3.86 
Average 39.9 42.4 129.4 29.2 3.91 
No pepsin 40.0 42.4 138.2 30.7 3.50 
Pepsin 39.9 $2.4 124.1 32.5 3.81 


Significant differences in feed efficiency: 
heplacers: P < 0.01—1 > 4 
P< 0.05—1 > 33 2 > 4. 


fed replacers containing the highest amount of soya flour tended to consume 
smaller amounts of calf starter, but consumed more hay than the calves fed 
the high-dried skimmilk replacers. These differences among rations were sta- 
tistically insignificant. Regardless of replacers, all calves fed rations containing 
pepsin consumed less calf starter and more hay than the calves fed the unsupple- 
mented replacers. This same observation was true when replacers were dis- 
regarded. Calves fed the replacers containing 20 and 28% soya flour required 
more feed per pound of gain than the calves fed the replacers which contained 
22 or 33% dried skimmilk. Pepsin-fed calves also required significantly more 
feed per pound of gain than the calves on the pepsin-free rations. 
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The incidence of calf scours in this study was very low and did not appear 
to be related to any particular ration. 

The data presented in this study support the observation of Fries et al. (1), 
that plant protein milk-replacer rations are not improved by the addition of a 
single proteolytic enzyme, such as pepsin, when fed at the level used in this 
study. The data also support previous work from the Michigan Station (1), 
that the addition of pepsin to high-dried skimmilk and animal protein rations 
does not improve the utilization of these replacers. It would appear that if the 
young calf has an enzyme deficiency, as suggested by Noller et al. (7), then 
the levels of pepsin tested in this study did not correct this deficiency. However, 
other levels of pepsin or other proteolytic enzymes, either individually or in 
combination, may be beneficial. Recent work reported by Huber (2) indicated 
that the digestive enzymes activity of the young calf changed with age and was 
probably influenced by the type of ration fed. 
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SUMMARY 

Sixteen male dairy calves were used to study the effect of chlortetracyeline, fed 
at a level of 80 mg. per calf daily, on growth and nutrient utilization. The average 
weight gain during the 16-wk. experiment was 164 lb. for the antibiotie-fed calves and 
145 lb. for the controls. Conventional digestion trials conducted during the fifth, 
eighth, and 11th weeks of the experiment gave little evidence that chlortetracyeline 
has any effect on ash or nitrogen retention or upon the apparent digestibility of cellu- 
lose, protein, or dry matter. Neither observations on the disposition of orally admin- 
istered Ca® nor data from a concurrent total calcium balance study conducted during 
the 12th wk. gave any substantial evidence that chlortetracyeline has any effect on 
ealeium utilization. Measurement of bone growth, by use of radioautographs, from 
the time of Ca‘ administration to sacrifice of the animals demonstrated that the greater 
weight gains of the antibiotic-fed calves were paralleled by greater skeletal develop- 
ment. The increased growth of the calves receiving the antibiotic was associated with 
inereased feed consumption. 

Although the addition of chlortetracycline to the ration of dairy calves has 
been observed in most cases to produce a growth response (14, 20), the mech- 
anism(s) for this action is not clearly understood. The reports of several workers 
(2, 10, 11, 15-19) indicate that the antibiotic has little effect on the digestibility 
of most ration components by young calves. Rather extensive studies at the 
Louisiana Station (13, 21) showed that over-all growth of the animal is involved, 
since both bone and muscle measurements were increased by antibiotic feeding. 
Moreover, Rusoff et al. (21) suggested that bone metabolism might be the area 
in which chlortetracycline exerts its effect in promoting the growth of dairy calves. 

The objective of the present experiment was to study the effect of chlortetra- 
eyeline on calcium utilization by the dairy calf, on the digestibility of certain 
ration components and retention of ash and nitrogen at different ages, and on 
bone growth from 11 to 16 wk. of age. 


EXPERIMENTAL PROCEDURE 
Sixteen four-day-old male dairy calves (12 Holsteins, two Ayrshires, and 
two Brown Swiss) were allotted to two comparable treatment groups. Each 
ealf was fed 1 lb. of whole milk per 10 Ib. initial body weight for 5 wk., after 
which milk was gradually withdrawn from the diet. A calf starter* was offered 
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*The calf starter consisted of the following percentages: ground corn, 20; ground oats, 


22; soybean oil meal, 20; wheat bran, 10; corn distillers dried solubles, 15; molasses, 10; 


dicaleium phosphate, 2; and iodized salt, 1. 
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free-choice up to a maximum of 4 lb. per day and chopped alfalfa hay was fed 
ad libitum throughout the 16 wk. of the experiment. Each calf of one group was 
fed 80 mg. of chlortetracycline per day by adding Aurofae D to the milk during 
the first 5 wk. and, thereafter, by adding Aurofac 2A twice daily to the grain 
allowance. 

Observations were made daily for incidence and severity of diarrhea. Di- 
gestibility of protein, cellulose, and dry matter and retention of total ash and 
nitrogen were determined with each calf during the fifth, eighth, and 11th wk. 
of the experiment. In each case, a three-day adjustment period preceded a 
six-day collection period, during which total collections were made of urine and 
feces. Nitrogen, dry matter, and total ash determinations on the feed and 
excreta were made according to standard AOAC procedures (1). Cellulose was 
determined by the procedure of Crampton and Maynard (4). 

At the beginning of the 12th wk. on experiment, each calf was given 5 me. 
of Ca* for the purpose of studying calcium utilization and bone growth. This 
material was administered orally via capsule, using the procedure described by 
Hansard et al. (7). Blood samples were taken at various intervals after dosage 
to evaluate the possible effect of chlortetracycline on calcium absorption. Daily 
collections were made of feces and urine, and a record of feed intake was obtained 
during the six-day period following Ca** dosage, to study the excretion pattern 
of the isotope and to make a concurrent total calcium balance study. The blood, 
urine, and feces samples were assayed for Ca* by precipitation of the calcium as 
calcium oxalate and collection of the precipitate by means of a plastic tube and 
cup assembly as described by Comar et al. (3). Total calcium was determined 
by titration with permanganate (9 

Upon sacrifice of each animal at the end of 16 wk., a tibia and femur were 
removed for preparing radioautographs which were used to measure bone growth 
during the 11- to 16-wk. period. A metacarpal from each calf was assayed for 
total calcium and Ca* activity. Certain organs (heart, liver, spleen, kidneys, 


thyroid) also were removed and weighed. 


RESULTS AND DISCUSSION 


The chlortetracycline-fed calves consumed more feed and gained significantly 

P < 0.05) more weight during the 16 wk. of the experiment than did the control 

calves. The greatest percentage increase in weight gains due to antibiotic feed- 
ing occurred during the first 4 wk. of the experiment, although the effect of 
the antibiotic was more consistent during the last 5-wk. period (Table 1). The 
effect of the antibiotic on weight gains was highly variable during the 5- to 
ll-wk. period, possibly because of adverse effects on the feed consumption of 
some calves during the digestibility trials. The variable response noted during 
this period may be considered to lend further support to the idea advanced 
by Jacobson ef al. (12), that antibiotics exert their growth-promoting effect 
indirectly by increasing the appetite of the animal. Assuming this to be true, 


any condition which would prevent a free expression of appetite would be 


expected to decrease the response to antibiotic feeding. 
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TABLE 1 
Average feed consumption and weight gains of the calves 


Inelusive weeks 


1-4 5-11 12-16 1-16 
CT ty CT¢ ( CTC ( CT¢ ( 

Feed consumed 

Grain (lb.) 18.9 12.1 146.9 142.2 137.2 137.9 303.0 292.2 
Hay (lb.) 1.9 0.9 43.0 41.9 118.3 101.7 163.2 144.5 
Milk (lb.) 283.5 277.3 131.2 129.2 414.7 406.5 
Av. daily gain 

(1b.) 0.82 0.67 1.48 1.36 1.97 171 1.47 1.29 


Increase due to 

chlortetracycline 

(%) 22 Y 15 14 
Significance of differ- 

ences between groups 

(weight gains) P > 0.10 P > 0.25 P < 0.025 P < 0.05 


*CTC = chlortetracyeline group. 
"oC = control group. 


The occurrence of diarrhea was relatively infrequent throughout the experi- 
ment, with the average number of days on which any diarrhea was observed 
being 6.0 for the calves fed chlortetracycline and 9.7 for the controls. Consider- 
ing both incidence and severity, there was no definite effect of chlortetracycline 
on diarrhea in this experiment. 

The digestion trials conducted during the fifth, eighth, and 11th wk. of the 
experiment gave little evidence (Table 2) that chlortetracycline has any effect 
either on ration digestibility or on ash and nitrogen retention by dairy calves. 
There was considerable variability within both groups of animals with respect to 
apparent digestibility of protein, cellulose, and dry matter, and retention of ash 
and nitrogen, so that none of the observed differences between groups approached 
statistical significance (P, 0.05). Failure to find a satisfactory method of 
maintaining a constant intake of feed during the digestion trials may account 
for a large amount of the variation among animals of each group with respect 


TABLE 2 


Summary of digestibility studies 





Apparent Apparent Apparent 
Nitrogen protein cellulose cry matter Ash 
Group retained digestibility digestibility cigestibility retained 
5th wk.* 
Chlortetracycline t5.8 SL.S 38.8 40.0 
Control t8.2 S2.S OU.7 39.2 
Sth wk. 
Chlortetracycline 24.2 66.2 32.0 66.5 
Control 21.7 68.7 28.6 68.6 
Lith wk. 
Chlortetracycline 28.2 68.6 38.6 64.1 LY.8 
Control 24.5 67.5 31.5 66.2 21.8 


‘For this trial, data were available for only six calves in the chlortetracycline 





group. 
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to ration digestibility. The results of this experiment are in agreement with the 
findings of Bartley et al. (2), that the beneficial effect of chlortetracyecline on 
the growth and feed efficiency of dairy calves is not due to an improvement in 
the digestibility of feeds. 

The amount of radioactive calcium in the blood of the calves at specific times 
administered dose. A 


after oral dosage was expressed as the per cent of the 
100 ml. of blood) was 


higher average concentration (per cent of Ca* dose per 
observed in the control calves than in the antibiotic-fed calves during the first 
72 hr. after dosage; however, the concentration thereafter was nearly the same 
for the two groups (Figure 1). However, a somewhat different picture was 
obtained when the per cent of the Ca* dose in the total blood was caleulated by 
assuming the blood volume of 11-wk.-old calves to be 6.2 ml. of blood per 100 g. 
body weight, as indicated by the data of Hansard et al. (5) on beef calves. When 
expressed in this manner (Figure 2), there was no apparent difference between 
the two groups in the total amount of Ca** in the blood at any time during the 


six days after dosage. 
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Fig. 1. Coneentration of Ca® in the blood of calves following oral administration of 5 me. 


of the isotope. 


The time after dosage at which the highest blood concentration of Ca*> was 


observed in this experiment was 17.6 + 4.5 hr. (mean + standard deviation). 


The variation noted here presumably was due to differences in the length of time 
elapsing before the radioactive material reached the site of active absorption, 
and suggests that the extent to which an isotope becomes distributed throughout 
reticulo-omasal orifice may be an 


the rumen contents before passage through the 
There was not a high degree of 


important consideration in studies of this type. 
concentration and the maximum 


correlation, however, between the time of peak 
Hansard et al. (7) 


level of Ca* in the blood of the calves following dosage. 
methods of oral administration of isotopes 


discussed the merits of different 
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Fig. 2. Amount of Ca in the total blood of calves following oral administration of 5 me. 


of the isotope. 


to farm animals and concluded that administration via capsule, as was done in 
the present experiment, is the preferred method. This, moreover, is the method 
which has been used by Hansard et al. (6, 8) in studies on caleium metabolism. 
The results of the present experiment indicate, however, that deposition of an 
isotope in the rumen via capsule may not be the preferred method of adminis- 
tration when significance is to be attached to its concentration in the blood. 
Another method of administration, not determined by Hansard et al. (7), which 
should have considerable merit is that of intraruminal injection through the 
region of the paralumbar fossa. This could be accomplished by means of a double- 
syringe technique, such as that described by the above workers (7) for intra- 
venous injection, and should facilitate distribution of an isotope throughout the 
rumen contents. 

Nearly 60% of the Ca** was excreted in the feces during the first six days 
after administration (Figure 3). There was considerable variation among calves 
in the pattern of excretion during the first three days after dosage, indicating 
marked differences in the length of time required for the unabsorbed Ca* to 
pass through the digestive tract. This variation in the time required for passage 
of the material had relatively little effect, however, on the total excretion during 
the six-day period. An analysis of variance revealed that the difference between 
the two groups with respect to total fecal excretion of Ca*® was not statistically 
significant (P > 0.25). However, the amounts of Ca* occurring in the blood 
and feces following oral administration are in good agreement with values previ- 
ously reported by Hansard et al. (6) for calves of a similar age. 

The relative specific activity of Ca*® in the metacarpals of the calves 5 wk. 
after oral administration of the isotope was quite similar for both groups, indi- 
cating little or no difference in the amount of deposition or the degree of mobi- 
lization of the radioactive calcium. 
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Fig. 3. Feeal exeretion of Ca“ following oral administration. 


The data on the six-day calcium balance study (Tabel 3), conducted during 
the six days immediately following Cat’ dosage, reveal that the chlortetracycline 
group of calves retained an average of 44.7% of the ingested calcium as compared 
to 35.5% for the control calves. The comparatively low calcium retention of the 
control group is partly due to low retention by one animal of this group which 
developed diarrhea during the balance trial. There was considerable variability 
among animals of both groups, however, so that the difference between groups 
was not statistically significant (P > 0.10). 

Use of the radioautographs prepared from the tibias and femurs removed 
upon sacrifice of the animals 5 wk. after Ca’? dosage proved to be a useful tech- 
nique for measuring bone growth during a specified period (Figure 4). The 
amount of bone growth of the chlortetracycline-fed calves was consistently greater 
than that of those in the control group (Table 4), and analyses of variance re- 
vealed that the differences between the two groups were statistically significant 
(P < 0.05). The increased skeletal development in the antibiotic-fed calves is 
indicative of greater over-all growth of these animals, since this group gained 
an average of 8.9 Ib. more weight than the control group during the 5-wk. period. 


TABLE 3 


Summary of six-day calcium balance study 


Source of calcium intake Calcium exereted 
Ca* Retention during 
Group Hay Grain dosage Urine Feces six-day period 
(qg.)- (g.)——. (g.) (%) 
Chlortetracycline 84.2 128.2 .O8 28 116.7 95.5 44.7 
Control 66.6 116.4 23° 33 115.3 67.6 35.5” 


‘The Ca” administered to one calf of this group had a relatively low specifie activity. 
"The small amount of calcium retention by one calf which developed diarrhea was partly 
responsible for the low average of this group. 
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DIAPHYSIS 








DISTAL 
EPIPHYSIS 


Fig. 4. Radioautograph prepared from the tibia of a 4-mo.-old dairy calf (A and B, 
epiphysial-diaphysial junction at the time of dosage with Ca“; A’ and B’, epiphysial-dia- 


physial junction at time of slaughter). 


TABLE 4 


Measurements of bone growth during 5-wk. period subsequent to Ca“ dosage* 





Femur Tibia 
Group Proximal Distal Proximal Distal 
$$ ___—_—_——- (mm. ) —-—— —_——— 
Chlortetracycline 5.89 6.51 6.65 
5.10 5.70 5.67 4.19 


Control 
“Eight measurements were taken across each end of each bone of the distance between the 
epiphysial-diaphysial junction at the time of Ca dosage and sacrifice of the animals. 


Also, more feed was consumed by the antibiotic-fed group during this period 
(Table 1). 

The average weights of the heart, spleen, liver, kidneys, and thyroid gland 
of the chlortetracycline group of calves were 226.5, 98.9, 745.8, 178.0, and 4.36 g. 
per 100 lb. body weight; the average weights of the same organs for the control 
group of calves were 229.2, 96.7, 768.6, 190.1, and 3.68 g. per 100 lb. body weight. 
No evidence was obtained to indicate that chlortetracyeline feeding has any effect 


on the weight of any of these organs. 
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EVALUATION OF ANIMAL PRODUCTION UNDER 
DIFFERENT SYSTEMS OF GRAZING ! 


W. K. KENNEDY, J. T. REID, ann M. J. ANDERSON 
Departments of Agronomy and Animal Husbandry, Cornell University, Ithaea, N. Y. 


SUMMARY 
) 


Four systems of grazing management of dairy cows were compared for 2 yr. 
on a uniform mixture of alfalfa, ladino clover, and smooth bromegrass. Cows on the 
3-paddock rotational system maintained milk production as well as or better than cows 
on the 6-paddock, strip, and zero grazing methods of management. Milk production 
per acre also was as high for the 3-paddock system as for the other methods of man- 
agement. Larger quantities of excess forage were harvested from the zero grazing 
system than from the other systems, but it is questionable if the additional forage would 
offset the decrease in milk production and the increase in harvesting costs. 

Recommendations regarding the advantages and disadvantages of zero and strip 
grazing are being deferred until more data are available. However, the study does 
clearly demonstrate the advantages and necessity of heavy stocking rates if milk pro- 
duction per acre is to be used as a criterion for most efficient pasture management. 
A valid comparison between grazing systems of production per acre can not be made 
unless the grazing pressure for all treatments is sufficiently heavy to utilize fully the 
available forage. 





Farmers are shifting from shallow-rooted pasture species that will persist 
under frequent grazing, to the deep-rooted species that need a longer regrowth 
period but will provide adequate pasture when temperatures are high and soil 
moisture limited. This shift has necessitated the need for different management 


practices, to decrease the apparent high losses from trampling, and fouling 
excellent forage with manure. Recently, Harkess (1) has critically reviewed the 
experimental data on the influence of pasture management on animal production, 


and there is no general agreement as to which system results in the most efficient 
production per animal or per acre. A 5-yr. experiment to study four systems of 
pasture management was initiated at Cornell University in 1956. The purpose of 
this paper is: (1) To present a progress report of the data so far obtained, and 
(2) to demonstrate the need for using the correct stocking rate if production per 
acre is to be measured accurately. 


EXPERIMENTAL METHODS 


Pasture mixture. The pasture area was seeded in 1955 to a mixture of Narra- 
gansett alfalfa, ladino clover, and Lincoln smooth bromegrass. Each year one- 
fourth of the total acreage was plowed and reseeded. Thus, in 1956, all paddocks 
had a Ist-yr. stand ; in 1957, Ist- and 2nd-yr. stands were used and, in succeeding 
years, the area will be divided into Ist-, 2nd-, and 3rd-yr. stands. Each grazing 
treatment was assigned equal acreage of each stand. 

Grazing treatments. 1. Three-paddock rotational grazing. The dairy cows 
were rotated among three pastures of 114 acres each. 

Received for publication September 22, 1958. 


‘Presented at the joint meeting of the American Grassland Council and the American 
Dairy Science Association at North Carolina State College, Raleigh, June, 1958. 


679 








680 W. K. KENNEDY, J. T. REID, AND M. J. ANDERSON 


2. Six-paddock rotational grazing. The cows were rotated among six pastures 
of two-thirds of an acre each. 

3. Strip grazing. The cows were rotated among six pastures of two-thirds 
of an acre size, but each day they were allotted only the amount of fresh pasture 
they would consume. They had the opportunity to regraze previously grazed 
areas within the pasture. 

4. Zero grazing. Forage from areas adjacent to the pastures was harvested 
once daily and fed to animals which were confined in a small, shaded lot. An at- 
tempt was made to provide all the forage the cows would eat without having any 
large excess. 

Design of the experiment. There were two replicates of each treatment and 
the design within a replicate is shown schematically. 


Replicate I 








$- 6- s 6- as e- Zero 
Paddock | Strip | Paddock|| Paddock | Paddock | Strip |} Strip | Paddock | Paddock ces 
Rotation | Rotation || Rotation | Rotation Rotation | Rotation || 877" 








Ist-yr. stand 2nd-yr. stand 3rd-yr. stand 
Block 1 Block 2 Block 3 
(1958 and later) 

In 1956, six cows were assigned to each treatment (three per replicate) ; in 1957 
and 1958, the number was increased to eight cows per treatment (four per repli- 
cate). For the three grazing treatments the strip treatment was the ‘‘ pace-setter.”’ 
For example, the cows were placed on the Ist-yr. block of pastures. The cows on the 


strip-grazing treatment received a fresh strip of pasture each day, but only the 


amount they could consume. Four cows grazed a 24-acre pasture in from five to 
eight days, depending upon the growth of the forage. When the cows on the 
strip-grazing pasture were moved to their second pasture in the block, the cows 
on the six-block rotation treatment were moved to their second pasture. The 
cows on the three-paddock system remained on their single pasture until the 
cows strip-grazed two 24-acre paddocks. All cows were moved to the second block 
at the same time. During periods of rapid growth, when the pastures were ready 
for regrazing before the animals could graze all the paddocks, the forage was 
harvested from an equal acreage for all treatments. Thus, at all times the total 
acreage grazed was the same for the three grazing treatments. The acreage used 
for zero grazing was adjusted to the rate of growth of forage and all excess 
forage was harvested and the weight removed recorded. 

The cows assigned to each treatment were balanced as nearly as possible 
according to age, stage of lactation, production, and breed. Most of the animals 
used were Holsteins, but in 1957 four Brown Swiss cows were divided among 
the four treatments. Milk production, forage digestibility, forage intake, main- 
tenance of stand, and yield of forage were measured. 


RESULTS 
Milk production per cow. In 1956, the cows on the six-paddock rotational 
system produced approximately 6 lb. more milk per day than cows on the two 
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other grazing treatments, and 13 lb. more milk per day than cows receiving 
chopped forage (Table 1). The poor performance of the cows receiving chopped 
feed was due partially to the feeding of mature forage in late June and early 
July before the regrowth became available. In 1957, half of the zero-grazed 
acreage was harvested in the 3rd wk. of May, in order that regrowth would be 
available by the time the uncut alfalfa reached the early-bloom stage. Except 
for one week in mid-June, the chopped forage was harvested at the prebud stage. 
Milk production of the cows on the zero-grazed was equal to that of cows on the 
strip-grazing treatment, but inferior to production on the two rotational-grazing 
systems. 
TABLE 1 
Influence of grazing treatment upon milk yield 


Average milk per cow per day 





Treatment 1956 1957* 1957 (7 cows)” 





(lb.) 
Zero 36.9 40.5 40.4 
Strip 41.6 40.3 38.2 
Six-paddock 49.9 45.3 43.8 
Three-paddock 41.8 45.5 44.1 





“Data from eight cows per treatment throughout the experiment; however, four cows de- 
veloped hoof troubles and were replaced by fresh cows and these values are included. 

" Three of the four cows were from one group of four Brown Swiss. Eliminating these cows 
from the experiment gives the results indicated above and in the following tables where refer- 
ence is made to seven cows per treatment. 


Unfortunately, the average initial milk production of the cows was not the 
same for all treatments. Therefore, the average production per cow was ex- 
pressed as the percentage of the milk production during the Ist wk. on pasture 
(Table 2). Cows on the three-paddock rotational system maintained a relatively 
high level of production during both 1956 and 1957. The cows receiving chopped 
forage declined in production at a more rapid rate than cows on the grazing 
treatments, even though they received slightly more grain per unit weight of milk 
(Table 3). 

Production per acre. In 1956, the pastures were not adequately stocked to 
utilize fully the available forage; therefore, calculation of milk production per 
acre, except for the zero treatment, would be meaningless. In 1957, the number of 


TABLE 2 
Influence of grazing treatment on milk persistency* 


1956 1957 (8 cows/treatment) 1957 (7 cows/treatment ) 





Initial Initial Initial 
Treatment production production production 


(lb/day) (%) (lb/day) (%) (lb/day) (%) 
Zero 54.0 68.3 64.9 62.3 65.2 61.9 
Strip 59.2 70.3 57.7 66.7 57.7 66.1 
75.6 66.7 67.5 68.9 63.7 


Six-paddox 
72.6 60.0 75.9 65.0” 68.0” 


5 
Three-paddock 57.3 


* This table gives production per cow per day at the beginning of the experiment and the 
average milk per cow per day expressed as a percentage of the initial period. 

» Using second period of nine days as the basis for calculating, because of ketosis in one 
of the better cows at the beginning of the experiment. 
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TABLE 3 
Average milk production per pound of grain consumed and increases 
in body weight for the entire season 


Milk per pound of grain Body weight increase 


Treatment 1957 


Zero 

Strip 
Six-paddock 
Three-paddock 


coWS Was increased from six to eight per treatment, and considerably more excess 


forage was harvested from all treatments. It was observed that the cows on the 


six-paddock system apparently were short of feed one or two days before they 


were moved to a new pasture, and those on the three-paddock system were short 
of feed three or four days before they were moved. The cows spent considerable 
time walking up and down the fence-line and appeared to be extremely hungry 
for several days prior to being moved. Thus, it might be concluded from these 
observations that the strip-grazing system was superior; however, milk produc- 
tion per cow per day, or milk production per acre, did not substantiate such a 
conclusion (Tables 1, 2, and 4). More excess forage was harvested from the 
zero-grazed area than from the pastures, but it is questionable if the extra forage 
would offset the decrease in milk production. Furthermore, more skillful man- 
agement of the pastures in May and early June probably would increase the 
amount of excess forage which could be harvested from the grazed pastures. 
Changes in botanical composition. If allowing the animals to remain on a 
given pasture from 2 to 3 wk. (three-paddock system) is harmful to alfalfa, 
forage production should decline, especially in late summer. Both 1956 and 
1957 were very favorable growing seasons, and summer production of both 
ladino clover and alfalfa was excellent. While the alfalfa stand declined at a 
slightly greater rate in the three-paddock system than in the other two grazing 
systems (Table 6), a corresponding increase in ladino clover maintained summer 
production. In a dry season the production of the three-paddock system might 
be somewhat lower than for the two other grazing systems. The six-paddock 
system was as good as or superior to the strip system in the maintenance of 


TABLE 4 
Milk production and excess forage dry matter production per acre from the 1957 experiment* 
8 Cows 7 Cows Excess forage produced 


Minus Minus Excess Zero 
Treatment Milk prod. zeroprod. Milk prod. zero prox ).M./a-re treatment 


$$$ $$ (}/h, ) —-— — —— 
Zero 5,980 5,710 
Strip 6,160 180 6,100 390 ,D 1,380 
Six-paddock 6,230 250 5,880 170 55 1,340 
Three-paddock 7,100 1,120 6,280 570 d 1,410 


“ Milk production adjusted to an average initial production of 62.3 lb. per day 4% FCM. 
"7,250 lb. of dry matter per acre was harvested; 4,350 lb. of dry matter per acre was 
required for feeding cows on the experiment (Table 5). 





Period 


S Si be 


cms 


10 
11 
12 
13 
14 
15 
16 
17 
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TABLE 5 


PRODUCTION 


Dry matter consumption per cow per day on zero grazing 


Dates 


1956 


D.M. 
con- 
sumed 


(lb.) 


June 2 to 15—28.7 


July 


August 


Sept. 


Seasonal average: 
Forage consumed 


27—33.9 
10—35.4 
19—31.1 
27—35.0 

5—38.2 
16—37.6 
25—37.3 

3—34.9 
12—33.5 
20—34.3 
25—32.9 


29—32.3 


34.6 
4.6 


1957 


Dates 


May 18 to 
June 


July 


August 


D. M. 
con- 
sumed 


(lb.) 
27—24.7 
8—30.5 
15—32.6 
24—29,.2 
4— 34.0 
13—32.5 
25—30.4 
5—34.8 
15—31.3 
24—33.0 
2°—35.9 
3—38.2 
11—34.2 
18—33.1 
30—30.5 


31.6 
6.1 


Grain consumed 
alfalfa. The alfalfa was almost completely eliminated if the cows were concen- 
trated on a strip when the soil moisture was well above field capacity. An ex- 
cellent stand of alfalfa was maintained on the zero-grazed plots, which might 
be an important consideration if the field were to remain in forage for longer 
than 3 or 4 yr. 

TABLE 6 
Vigor and per cent alfalfa in pastures that had been grazed two seasons (May 5, 1958) 





Zero grazing 


Six-paddock system Three-paddock system 


Strip system 
(% of 
sward ) 


(% of (height, 
sward ) in.) 


35 


(% of 
sward ) 


70 


(height, 
in.) 


(height, 
in.) 


(height, 
in.) 


(% of 
sward ) 


25 (Wet field ) 





50 7.5 


10 8.5 


9.0 


Mean 10 


9.0 
9.0 


50 


9.0 
50 7.5 
9.0 


60 
30 
40 


9.0 
S.0 
9.0 
8.4 


40 
40) 


34 


30 (Wet field) 


DISCUSSION 

Production of a pasture is expressed in terms of the daily production of indi- 
vidual animals and in number of animal-days per acre. Animal production per 
acre is the product of these two values. Daily production of the individual 
animal can be measured objectively and expressed in accurate terms. Number of 
animal-days per acre and, consequently, animal production per acre are depend- 
ent upon the judgment of the research worker when he determines the number 
and length of time animals remain on the pasture. In many experiments no 
checks have been made to determine if a higher stocking rate would have de- 
creased daily production per animal. Comparisons have been made in terms of 
production per acre when the major difference was not the various treatments, 
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the pasture, or the grazing animals but was the number of animal days per acre, 
which was determined solely by the investigator. 

The practice of adjusting the stocking rate of each individual pasture ac- 
cording to the amount of forage which appears to be available, or to the percent- 
age of forage which appears to be utilized, may produce unreliable and widely 
varying conclusions. The study reported in this paper clearly demonstrates the 
dangers associated with adjusting the stocking rate of the individual pasture 
according to the appearance of the available forage. Animals on the three- 
paddock system of grazing appeared to be short of feed and distressed about 
25% of the time. From observation during the experimental period, the authors 
were of the opinion that the stocking rate of the pasture was 25% too high and 
that daily milk production of the cows would decline at a more rapid rate than 
for other treatments. In spite of the observed apparent shortage of feed, the 
cows on the three-paddock system maintained production as well as or better 
than the animals that appeared to have adequate forage. Consequently, produc- 
tion of milk per acre for the three-paddock system was equal to or greater than 
the other grazing treatments. Yet, if the stocking rate had been reduced _ be- 
cause of apparent lack of food, undoubtedly production per acre would have been 
reduced. By reducing the stocking rate, it is very doubtful if production of the 
remaining cows would have increased enough to offset a 25% reduction in stock- 
ing rate. 

Valid comparisons of animal production per acre can be made only when each 
treatment is stocked at the maximum carrying capacity which produces a de- 
sirable level of animal performance. As the maximum carrying capacity can not 
be objectively determined, it is essential that the carrying capacity of every 


treatment should be the same, and gradually increased until daily production 


per animal on one or more treatments starts to decline below the desirable level. 
When it has been determined that animal performance can not be maintained at 
the existing rate of stocking for certain treatments, then the stocking rate of 
those treatments can be adjusted to a level that will maintain animal production 
slightly below the desirable level. 

Widely divergent conclusions as to the merits of certain pasture practices 
have been obtained by different researchers. As pointed out by MeMeekan (2), 
these different results may, in all probability, be due to varying levels of stock- 
ing. In interpreting any milk-production-per-acre figures, it must be kept in 
mind that these figures are the product of daily milk production and grazing 
days per acre. If daily milk production per cow is at a maximum, perhaps the 
stocking rate or grazing days could be increased with little or no change in milk 
production. 

Hypothetical examples show the fallacy of some experimental data (Table 7). 
In the hypothetical data, it is assumed that maximum production per cow is 35 Ib. 
of milk per day and that a difference of 2 lb. of milk per day is significant. 

Comparisons of production per acre are not valid for Examples I and II. 
There is no assurance that the stocking rate is maximum for Treatment A. 
Perhaps 35 |b. of milk per day could have been maintained for Treatment A with 
250 grazing days per acre. In Example II, both Treatments A and B show milk 
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TABLE 7 


Hypothetical figures comparing the milk production per acre of different pasture treatments 


Milk 
production Grazing Milk Increase 
Pasture per cow days per production for Treat- 
Example treatment per day acre per acre ment B 


(lb.) (lb.) (Vo) 
7,000 
9 900 41 
7,000 
8,750 
8,250 
8,750 
8,680 
9,900 


aS 


| Rrerrnrrn 


production per day at the hypothetical maximum. The number of grazing days 
per acre possibly could be altered considerably in each case, with entirely 
different values obtained for milk production per acre. The apparent percentage 
increases for Treatment B have no meaning. 

In Example III, the number of grazing days is the same for both treatments, 
but daily production and, thus, milk production per acre are higher for Treat- 
ment B. In Treatment A, the stocking rate is high enough that production per 
cow has started to decline; therefore, it can be concluded that Treatment B 


is superior to Treatment A. However, it is impossible to estimate accurately 


the true magnitude of the difference, as there is no assurance that the stocking 
rate for Treatment B was at the maximum. 

Confidence can be placed in the data of Example IV, where both production 
per animal and grazing days are superior for Treatment B. Obviously, the 
stocking rate for Treatment A was too high to maintain desirable production, 
yet it was less than the stocking rate for Treatment B. Treatment B is being 
stocked at a rate which has depressed slightly the daily milk production. This 
indicates that the stocking rate is sufficiently high to utilize all the available 
forage and that about 14% is the true difference in the efficiency of the two 
systems. 

CONCLUSIONS 

Recommendations regarding the advantages and disadvantages of zero and 
strip grazing are being deferred until more data are available. However, the 
study does clearly demonstrate the advantages and necessity of heavy stocking 
rates if milk production per acre is to be used as a criterion for most efficient 
pasture management. A valid comparison between grazing systems of produc- 
tion per acre can not be made unless the grazing pressure for all treatments is 
sufficiently heavy to utilize fully the available forage. 
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A COMPARISON OF NITROGEN AND ENERGY DETERMINATIONS 
ON FRESH AND OVEN-AIR DRIED CATTLE FECES! 


J. W. BRATZLER anp R. W. SWIFT 
Department of Animal Nutrition, Pennsylvania State University, University Park 


SUMMARY 

Samples of fresh cow feces, obtained from 12 different animals, were subjected to 
analysis for total moisture (dry matter), nitrogen, and gross energy. These analyses 
were made both on the fresh and on the oven—air dried materials. Total moisture of 
the fresh feces was determined in three ways, and gross energy of the fresh feces was 
determined with the aid of two different primers, 95% ethyl aleohol and benzoic acid. 
Gross energy of the dried feces was determined without the use of any primer. 

The samples of fresh feces were dried in a forced-air oven for a period of 22 hr. 
at a temperature of 65° C. Small but consistent losses of nitrogen, average of 5.15%, 
oceurred upon drying, as well as the liberation of 727 mg. of carbon dioxide per 100 g. 
of fresh feces. The average levels of the determinations of gross energy were 66.31, 
71.17, and 71.24 Calories per 100 g. of fresh feces for the ethyl alcohol, benzoic acid, 
and oven—air dry methods, respectively. The composite standard errors between 
duplicates for the energy determinations, expressed as Calories per 100 g. of fresh 
feces, were 3.70, 2.17, and 0.22 for the ethyl aleohol, benzoic acid, and oven-air dry 
methods, respectively. Under the conditions of drying fresh cow feces employed in 
this experiment, only small losses of nitrogen occurred, and there was no loss of gross 
energy. 


With increasing emphasis being placed on the desirability of evaluating 
animal feeds, on the basis of their contents of digestible or metabolizable energy 
rather than of total digestible nutrients (TDN), a review and a closer scrutiny 
of the methods involved appear to be in order. The study being reported here 
also was prompted by the recent report of Colovos et al. (2), that losses of energy 
ranged from 4.1 to 21.0% and losses of protein ranged from —2.5 to 34.2%, from 
fresh cattle feces when dried in a convection oven at a temperature of 65° C. 
A report of this nature carries with it the implication that at least some of the 
published and constantly used digestible or metabolizable energy values, and 
also TDN values, have been in error to a significant degree, because of losses of 
protein and energy which oceurred upon drying of the fresh feces material. 

In the report of Colovos et al., the duration of the drying period was not 
indicated, nor was any mention made of the frequency with which the samples 
of fresh feces were stirred while they were being dried. Gross energy was de- 
termined by weighing approximately 2 g. of fresh feces into capsules just before 
the sample was to be burned. A primer of i ml. of 95% ethyl alcohol was pipetted 
into the capsule just before the bomb was sealed, after which combustion was 
carried out in the usual manner. 

By using the ‘‘apparent’’ moisture content values presented in Table 4 of 
the above report, the gross energy values as reported on the fresh basis were 
converted to the dry matter basis for the determinations made both on the fresh 


and on the oven-dried materials. 
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An examination of the values for gross energy content of these feces samples, 
as determined on the fresh and on the oven-dried feces, throws considerable doubt 
on the validity of the reported values as determined on the fresh material. These 
results (fresh feces), expressed as calories per gram dry matter and grouped 
in accordance wtih the rations fed, are as follows: hay and crimped oats, 4,954 
to 5,400; hay and ground oats, 4,828 to 5,824; hay and flaked corn, 5,213 to 
5,962, and hay alone, 5,418 to 5,601. The corresponding gross energy values, 
as determined on the oven-dried feces and expressed on the same basis, show a 
range of 4,592 to 4,714, 4,551 to 4,639, 4,596 to 4,791, and 4,606 to 4,787, respee- 
tively. The average variation of the values obtained in the ethyl alcohol primer 
determinations was 594 calories; with the oven-dried material, 147 calories. It 
is impossible to accept gross energy values for feces material, on a dry matter 
basis, of much higher than 5,000 calories per gram as being valid when fats 
and/or soaps are virtually absent from the material which has been analyzed. 

Atwater’s (1) gross energy values of 4,150, 9,400, and 5,650 calories per gram 
for carbohydrates, fats, and proteins, respectively, serve further to demonstrate 
that the gross energy value of ordinary rations for ruminant animals, generally 
low in fats, will fall closest to the gross energy value of their major component, 
namely, carbohydrates. Experiments at this laboratory (5, 6) have clearly 
demonstrated that gross energy values for feces material, per gram of dry 
matter, exceeded a value of 5,000 calories only when the experimental ration 
contained at least 10% of added fat. 

Flatt (3), who used 95% ethyl alcohol as a primer for the combustion of 
wet feces, and who also dried the fresh feces at a temperature of 80° C., re- 
ported a loss of energy upon drying of 3.27%. He also reported that sampling 
errors and analytical errors were greater for the fresh determinations than for 
the dried. 

Because of the volatile nature of the ethyl alcohol, when used as a primer 
for the combustion of wet feces material in the experiments cited above, the 
accuracy of this method is certainly open to question. Any small error in the 
determination of the combustion value of the ethyl alcohol, loss of any primer 
prior to the actual combustion, and any error in sampling of the fresh feces 
material may easily alter significantly the gross energy value obtained on the 
fresh feces material. Since the gross energy contained in the fresh feces may 
be from only one-third to one-fifth of the total gross energy involved in the de- 
termination, the per cent error in the determination reported on the fresh ma- 
terial may be relatively large. This is true even though careful control of the 
techniques is employed. 

The primary objectives of this study were to compare 95% ethyl alcohol 
as a primer for the combustion of wet feces with a nonvolatile, easily weighed 
primer, namely benzoic acid, and to determine whether any actual loss of energy 
oceurred upon drying of the fresh feces material. 


METHODS 


Samples of fresh feces were collected by hand from 12 different animals of 
the experimental dairy herd at the University. Samples were mixed thoroughly, 
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from which subsamples were taken immediately for determinations of moisture, 
nitrogen, and energy. 

Moisture was determined in three ways: A, B, and C. In Method A, dupli- 
cate portions of about 70 g. each from each of the 12 samples were placed in 
4-in. Petri dishes, filling them to a depth of approximately % in. Drying was 
carried out in a forced-air oven for a period of 22 hr. at a temperature of 65° C. 
The crust over the top of these samples was broken after drying had proceeded 
for a period of 4 hr. Upon completion of drying under the above conditions, 
samples were allowed to air-dry for a period of seven days, at the end of which 
time the weight of oven—air dried feces was obtained. Immediately, the dupli- 
cates of each sample were ground together in a micro-Wiley mill through a 
30-mesh sieve to obtain the sample, which was then used for the determinations 
of hygroscopic moisture, nitrogen, and energy of the oven—air dried feces. This 
method of determining moisture in two steps provides a stable air-dry sample 
suitable for handling, and has been followed at this laboratory for many years 
in the preparation of samples of original high moisture content. 

In Method B, moisture was determined as the loss in weight occurring in a 
vacuum oven at 65° C., through which was drawn a stream of dry carbon 
dioxide—free air at the rate of about 1,750 ml. per minute for 22 hr., similar 
to the method described by Forbes et al. (4). In this case, three portions of 
about 35 g. fresh feces in individual Petri dishes from each of the 12 samples 
were used. 

In Method C, under the conditions described under B, the water and carbon 
dioxide lost from the sample during the drying period were determined gravi- 
metrically by the absorption of these gases in sulphuric acid and sodium hy- 
droxide absorption tubes. An average blank of three determinations was obtained 
for the same period of drying, which was substracted from the respective values 
for water and carbon dioxide when the samples of fresh feces were dried under 
the same conditions. 

Samples of fresh feces for routine Kjeldahl determinations were weighed 


by difference from a glass-stoppered weighing bottle and were done in sex- 


tuplicate. The same procedure was followed with the determinations made in 
triplicate on the oven—air dried feces. 

Duplicate samples of fresh feces of approximately 2 g. each for the determi- 
nation of gross energy, using each of the primers, were weighed by difference 
from a glass-stoppered weighing bottle into platinum dishes of a suitable size. 
In the case of the samples in which benzoic acid was used as the primer, 0.8 g. 
of benzoic acid was added to the fresh feces, which were mixed thoroughly 
together with the aid of a solid glass stirring rod approximately 1.5 in. in length. 
The stirring rod was allowed to remain in the dish until the determination had 
been completed. A pellet of approximately 0.2 g. of benzoic acid was placed on 
top of the mixture of fresh feces and benzoic acid, and the ignition wire was 
placed in contact with the pellet prior to the firing of the bomb. 

In using 95% ethyl aleohol as a primer 1 ml. was added from a finely cali- 
brated burette to the dish containing the sample of fresh feces, immediately 
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prior to the closing of the bomb. However, it was found necessary, to prevent 
frequent failures of complete combustion of the wet material, to mix the alcohol 
with the fresh feces by means of a glass stirring rod about 1 in. in length. The 
stirring rod remained in the dish until the combustion had been completed. 

Gross energy determinations on the samples of oven—air dried feces were 
done in duplicate and were made without the aid of any primer. Samples were 
compressed into approximately 1-g. pellets. 

As determined, caloric values of the benzoic acid and 95% ethyl alcohol 
were 6,336 and 5,067 calories per gram and calories per milliliter, respectively. 
Temperature of the aleohol was 26.5° C., as used throughout all of the determi- 
nations. The only criterion for the acceptance of the gross energy values ob- 
tained was that of visibly complete combustion of the primer and/or the feces 
material. 

RESULTS AND DISCUSSION 

The moisture contents of the samples of fresh feces from the 12 different 
animals as determined by three methods, A, B, and C, are presented in Table 1. 
It appears that there is good agreement between the values obtained by Methods 
A and B, whereas the values obtained by Method C, with two exceptions, are 
consistently lower than the values obtained by either of the two other methods. 
For the most part, these differences can be accounted for by the carbon dioxide 
which was lost, but not determined, in Methods A and B. 

Quantitative determinations of the carbon dioxide evolved upon drying of 
the samples of fresh feces or from combustible gases burned in the tube furnace 
revealed that a rather consistent, but a relatively small, amount of matter had 
been lost in the gaseous form. An average loss of 727 mg. of carbon dioxide per 
100 g. of fresh feces was obtained, with values which ranged from 565 to 840 mg. 

Determinations of nitrogen on both the fresh and oven—air dried feces gave 


TABLE 1 


Moisture content of fresh cow feces 


Method 


Cow No. A* B? Cc 


(%o) 
849 84.94 84.88 83.05 
848 84.59 84.74 83.98 
909 86.97 87.12 87.12 
91] 84.24 84.18 83.86 
888 §3.95 84.00 82.78 
889 85.02 84.99 84.72 
876 82.96 83.25 82.78 
912 84.61 84.50 .24 
947 87.48 87.64 18 
961 86.11 86.48 86.10 
938 83.35 83.23 82.86 
959 83.48 83.51 83.32 
Average 84.81 84.88 84.33 





* Loss of moisture upon oven—air drying plus hygroscopic moisture of oven—air dry matter. 
» Loss of weight by fresh feces upon oven drying. 
* Quantitative determination of the actual moisture lost upon oven drying. 
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values which, when placed on the dry matter basis, using dry matter values 
obtained by Method A, showed relatively small but consistent losses of nitrogen 
upon drying, with an average loss of 5.15% + 1.89 (95% confidence limits). 
This loss is equivalent to about 0.65 calories per gram of fresh feces, having a 





gross energy value of about 700 calories per gram, and is significantly lower than 
that reported by Colovos et al. (2), and would not affect appreciably the di- 
gestibility of the crude protein of the ration as determined by the conventional 
method. 

As obtained by the three methods employed, gross energy values for the 12 
samples of cow feces, when placed on the fresh basis and expressed as Calories 
per 100 g. of fresh feces, showed rather striking and consistent results. The 
energy values were converted to the fresh basis, to exclude any influence that 
the methods for the determination of the dry matter content of the fresh feces 
might have on conclusions which might be drawn with regard to the possible 
losses of energy which may have occurred upon drying. Results of a statistical 
treatment of the data are presented in Table 2. 

The almost twice as large composite standard error between duplicates of the 
ethyl alcohol method, when compared with the benzoic acid method, and with the 
difference almost significant at the 5% level of probability, suggests that the 
sampling error inherent with both methods has been increased considerably by 
the introduction of an additional error, due to the vaporization of the ethyl 
alcohol primer prior to the firing of the bomb. Since the composite standard 
error between duplicates is only 0.22 Calories, and the differences in variability 
between this method and the ethyl alcohol and benzoic acid methods are sig- 
nificant at the 0.1% level of probability, it would appear that any error due to 
sampling has been reduced to a minimum in the oven-dry method. When 
determining gross energy values, a variation of less than 0.5% between duplicate 
determinations is considered well within the range of acceptability at this 
laboratory. 

The error due to the vaporization of the ethly alcohol primer is again brought 
to the foreground in light of the differences in average level of the determina- 


TABLE 2 


Relation of the method of determination to the consistency in duplicate determinations 
and to the average level of the determinations 


Duplicate determinations from each of 12 cows for each method 


Composition standard error Average Calories per 
Method between duplicates* 100 g. fresh feces” 


(Calories per 100 g. 
fresh feces) 


95% Ethyl] alcohol 3.70 66.31 
Benzoie Acid 2.17 71.17 
Oven-—air dry 0.22 71.24 


* Differences in variability between ethyl] alcohol and benzoic acid methods almost signifi- 
eant at 5% level; all other differences in variability, significant at 0.1% level. 

» Differences in the level of determinations between ethyl] alcohoi and either benzoie acid 
or oven—air dry methods significant at 0.5% level. Difference between benzoic acid and oven—air 
dry methods, not significant. 
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tions between the ethyl aleohol method, and either the benzoic acid or oven—air 
dry methods, which were significant at the 0.5% level of probability. The dif- 
ference between the benzoic acid and oven-dry methods was not significant, 
which observation supports the conclusion that no loss of energy occurred upon 
drying of fresh cow feces under the drying conditions employed in this experi- 
ment. Furthermore, it would appear that the 727 mg. of carbon dioxide per 
100 g¢. of fresh feces lost upon drying had as its principal origin that of having 
been present in the fresh feces as carbon dioxide. If its origin had been from 
combustible compounds, a correction for the energy lost in this way upon 
drying would have given an average level of the determination by the oven—air 
dry method, which would have been significantly higher than the value of 71.24 
Calories per 100 g. of fresh feces which has been reported. By applying such 
a correction, one could conceivably arrive at the erroneous conclusion that an 
actual gain of energy had occurred upon drying of fresh cow feces. 

It is the opinion of the authors that the most satisfactory method for the 
determination of the total dry matter content of fresh cow feces has been referred 
to previously as Method A. Using the average dry matter of 15.19% for the 12 
samples, the average values expressed as calories per gram of dry matter for the 
ethyl alcohol, benzoic acid, and oven—air dry methods are 4,365, 4,685, and 4,690, 
respectively. The values obtained by the latter two methods agree rather closely 
with values obtained on the oven-dried material by Colovos et al. (2), when ex- 
pressed on the dry matter basis. 

On the basis of the results which have been vresented, and which showed no 
loss of energy from fresh cow feces when dried for 22 hr. at a temperature of 
65° C., errors due to sampling are reduced to a minimum and duplication of 
results made much easier when the energy determinations are carried out on the 
oven—air dried material. In the oven—air dried condition, samples of cow feces 
are more easily handled and can be stored for relatively long periods of time. 
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EFFECT ON RUMEN VOLATILE FATTY ACIDS AND RUMEN 
MICROBIAL DISSIMILATION OF GLUCOSE-C™ OF CORN 
MEAL WHEN FED EXCLUSIVELY AND IN 
COMBINATION WITH HAY OR 
CERTAIN ADDITIVES! 


A. N. EUSEBIO, J. C. SHAW, E. C. LEFFEL, S. LAKSHMANAN, 
AND R. N. DOETSCH 
Departments of Dairy Husbandry, Animal Husbandry, and Microbiology, 
University of Maryland, College Park 


SUMMARY 


Comparisons were made of the effeet of feeding various rations to Holstein heifers 
upon the rumen volatile fatty acids (VFA) and the dissimilation of C-glucose by 
ineubated rumen contents. Compared to a ration of alfalfa hay and corn (1:1), a 
ration of ground corn or ground corn and minerals resulted in a marked decrease and 
inerease in the molar proportions of rumen acetate and propionate, respectively. 
A ration of flaked (steamed) corn and minerals accentuated these changes and, in addi- 
tion, decreased the molar proportion of butyrate and increased the molar proportion 
of C, and higher acids markedly. Addition of linseed meal to the latter ration increased 
butyrate at the expense of propionate. Dissimilation of C-labeled glucose by incubated 
rumen contents demonstrated that the rations which induced a marked change in the 
molar proportions of rumen VFA also induced a marked change in rumen microbial 
metabolism. 


[It is now well recognized that the molar proportions of volatile fatty acids 
VFA) produced by the microbial population in the rumen may be altered 


appreciably by various dietary regimes and that, in the case of milk fat, at least, 


changes in the productive perfomance of the animal may be associated with the 
molar proportions of these acids in the rumen (2, 14,15,16). Balch et al. (3) 
noted that the feeding of flaked maize plus small amounts of hay resulted in a 
greater decrease in the fat content of milk than a diet composed of ground oats 
and barley plus a small amount of hay. Shaw et al. (14,15) noted that cooked 
diets made up primarily of bread or of cooked rice, cooked potato meal, bread, 
and molasses resulted in decreases of 40% or more in the fat content of milk. 
In addition, there were marked decreases in the molar proportions of the rumen 
acetate as well as large increases in the molar proportions of propionate and in 
the fraction made up of valerate and higher acids. These changes were far 
greater than those observed with diets made up predominantly of uncooked 
concentrates. Balch and Rowland (4) also observed low levels of acetate and 
high levels of propionate, and higher acids in the rumen fluid of cows fed pre- 
dominantly on flaked maize, presumably due to the heating of the corn during 
the flaking process. It was demonstrated by Leffel ef al. (10), in dissimilation 


tests of radioactive glucose and acetate by washed cell suspensions of rumen 
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bacteria, that the changes noted above, due to cooking of the concentrate (15), 
were accompanied by marked alterations in rumen microbial metabolism. 

Recently, Armstrong et al. (1) have reported that the administration of VFA 
containing a high proportion of propionate resulted in a lesser heat increment 
than a combination of VFA containing a high proportion of acetate. It is of 
special interest to recall that Forbes et al. (7) noted a threefold increase in heat 
increment with steers fed an all-corn meal diet as compared to a diet of corn 
meal plus alfalfa hay. 

The present study was designed to ascertain the relation of large changes in 
the molar proportions of rumen VFA to rumen microbial activity. In addition, 
it was desired to determine to what extent, if any, the observations of Forbes 
et al. could be explained on the basis of changes in the molar proportions of 
rumen VFA. 

EXPERIMENTAL PROCEDURE 

Five Holstein-Friesian heifers from 15 to 16 mo. of age and ranging from 
744 to 794 lb. in body weight were used in three subdivided feeding periods. The 
daily ration fed during the experimental periods was the same for all animals 
and the amount fed was calculated from the average weight of the animals in 
the group, on the basis of 110% of the net energy standards of Morrison (13). 
Each feeding ingredient was analyzed and the digestible nutrients calculated, 
using Morrison’s (13) digestion coefficients. The regression equation of Moore 
et al. (12), Y = 1.45 ¥ — 38.82, in which Y = Energy and Y = Total Digestible 
Nutrients, was used in the computations of the rations on a net energy basis. 
Thus, the amount and kind of diet fed each animal daily during each experi- 
mental period were as follows: Period Ia (42 days), 12.9 lb. U.S. No. 2 alfalfa 
hay and 5.7 lb. corn meal; Period Ib (14 days), 13.3 lb. U.S. No. 2 alfalfa hay 
and 5.9 lb. corn meal; Period Ila (42 days), 11.8 lb. corn meal; Period IIb (15 
days), 12.0 lb. corn meal; Period II]la (28 days), 12.0 lb. flaked (steamed) corn; 
and Period IIIb (28 days), 9.7 Ib. flaked (steamed) corn and 3.3 Ib. of heated 
linseed oil meal.* Due to indigestion, one animal was dropped from the experi- 
ment following Period Ib. The rations during Periods IIb, IIIa, and [IIb were 
supplemented with a commercial mineral mixture * at the rate of 1.2 lb. per 100 
lb. of feed. Salt and water were made available to the animals at all times. A 
500-ml. sample of rumen ingesta was obtained from each animal 2-3 hr. after 
the morning feeding, at the termination of each feeding period, and immediately 


strained through a piece of muslin. For VFA determinations, 25-ml. aliquots 


of the strained rumen fluid were dispensed in plastic tubes and microbial reae- 
tion was stopped by the addition of 1 ml. of a saturated mercuric chloride 
solution to 10 ml. of the rumen fluid. In the in vitro dissimilation of uniformly 
labeled glucose-C'™, 25-ml. aliquots of the strained rumen fluid were measured 
into 50-ml. Erlenmeyer flasks. To each flask was added 5 ml. of M/15 phosphate 


buffer (pH 7.1) containing 0.02% sodium sulfide, and 0.5 ml. of an aqueous 


* Archer-Daniels Milling Co. extract linseed oil meal heated to over 200° C. 


Mineral Supplement A, Cooperative Mills Ine., Baltimore, Md. 
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solution containing 5 ve in 50 wM of uniformly labeled glucose-C'*. The con- 
tents of each flask were gassed with nitrogen for 30-45 see. Immediately after 
gassing, each flask was incubated in a thermostatically controlled water bath at 
39.5° C. for 4 hr. After incubation, microbial activity was arrested by adding 
saturated mercurie chloride solution at the rate of one tenth by volume of the 
rumen fluid—substrate preparation. 

The Keeney column technique (9) was used for the determination of the 
VFA in the rumen fluid samples and for obtaining the VFA fractions from the 
in vitro samples for determination of radioactivity. For counting, each VFA 
fraction was evaporated to dryness over a hot plate under a current of air, 
during which time the solutions were kept alkaline to thymol blue by addition 
of 0.03 N aleoholic-KOH. The dried samples were made to known volumes in 
95% ethanol. Aliquots of these solutions containing approximately 1 »M of each 
fatty acid were transferred into counting planchets and dried. The planchets 
were counted internally in a continuous gas flow Geiger counter. The gas (Q gas, 
Nuclear Instruments and Chemical Corporation, Chicago, [linois) used in the 
counting system was a mixture of 98.7% helium and 1.3% isobutane. 


RESULTS 

The effects of diets of corn and flaked (steamed) corn, with or without sup- 
plementation on the average VFA, as molar per cent of total VFA in rumen fluid, 
are summarized in Table 1; the effects on the distribution of radioactivity re- 
covered in the VFA produced in the dissimilation of uniformly labeled glu- 
cose-C'™ by incubated rumen fluid are summarized in Table 2. 

In terms of molar per cent of total VFA in the rumen fluid, the acetic acid 
decreased markedly and a large increase occurred in propionic acid, with changes 
from a ration of alfalfa hay and corn meal to rations consisting solely of corn 
meal, corn meal plus a mineral mixture, flaked (steamed) corn plus a mineral 


TABLE 1 
Average volatile fatty acids (VFA) in rumen fluid of heifers on various dietary regimens 


Rumen VFA as molar per cent 


Experi- Total of total 

mental No. of rumen 
Diet period animals VFA C2 C3 Cs Cs Ces 

(days) (uM/ml) 
Alfalfa hay—corn meal Ta-42 5 103.8 56.1 23.7 14.4 3.0 2.9 
+ 8.6" +2:.4 +22 +09 +05 +038 
Alfalfa hay—corn mea] Ib-14 5 140.3 60.3 21.6 13.7 2.1 2.3 
+32 £07 £0.77 £038 +05 +03 
Corn meal [la—42 4 107.0 37.9 42.8 11.0 3.4 5.0 
+44 +62 £19 +14 £69 2263 
Corn meal—minerals [Ib-15 4 125.6 37.7 44.7 9.4 3.7 4.5 
+4.8 £29 +11 =215 +62 +23 
Flaked corn—minerals IIIa—28 2 125.0 33.9 46.2 5.9 2.4 11.5 
+ 57.2 *+2.6 +01 +29 +06 +0.1 
Flaked corn—linseed ITTb-28 2 119.3 35.5 32.9 15.3 3.3 13.0 
oil meal—minerals +47 +83 #12 +42 +14 +15 


‘ Standard deviation. 
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TABLE 2 


Average distribution of radioactivity (¢.p.m.) as per cent of total in the volatile fatty acids 
recovered from the dissimilation of C’*-labeled glucose (5 ue) 
by ineubated rumen fluid in vitro 








Experi- Per cent of total ¢.p.m. 
mental No. of Total 2 : : 
Diet period animals activity Ce Cs Cs Cs Ces 
(days) (c.p.m/1,000) 
Alfalfa hay—corn meal la—42 5 1270 66.6 23.2 8.5 0.9 0.8 
+ 124.0" ~S4 £17 +21 £08 +05 
Alfalfa hay—corn meal Ib-14 5 1436 7S 22.1 9.6 0.2 0.3 
+ 29.6 +41 +62 +17 +01. +04 
Corn meal ITa—42 4 1707 43.6 37.1 14.9 3.5 0.8 
+141.3 +0.7 +19 +04 +13 +05 
Corn meal—minerals IIb-15 4 2958 45.4 39.7 10.1 4.2 0.6 
+ 68.9 +01 £068 #11 212 +03 
Flaked corn—minerals IIIa—28 4 1824 46.9 46.9 5.7 0.2 0.3 
+ 98.2 +28 +01 +25 +08 205 
Flaked corn—linseed ITIb-28 2 1739 53.2 40.2 5.8 0.3 0.5 
oil meal—minerals + 121.6 £864. TR is 


+ 0.0 + 0.0 


“ Standard deviation. 


mixture, and flaked (steamed) corn plus linseed oil meal plus a mineral mixture. 
The molar proportion of butyric acid decreased on diets of corn and flaked corn, 
but increased markedly when the ration of flaked corn and minerals was sup- 
plemented with linseed oil meal. No marked changes occurred in the molar 
proportion of valerie acid. A surprisingly large increase occurred in the higher 
acid fraction (Cg and above) after the animals were changed to rations of flaked 
corn plus a mineral mixture, with or without the addition of linseed oil meal. 

Changes from a ration of alfalfa hay and corn to all-concentrate rations 
resulted in large changes in the distribution of radioactivity in acetic and pro- 
pionie acids (Table 2) as per cent of total radioactivity in the VFA recovered 
from the dissimilation of C'*-labeled glucose by incubated rumen fluid in vitro. 
The distribution of radioactivity in these two fractions generally followed the 
changes in the rumen fluid in vivo. Marked decreases occurred in the distribution 
of radioactivity in the butyric acid fraction following changes to flaked (steamed ) 
corn with or without linseed oil meal. 

After being on the all-corn diet for 42 days, the animals appeared somewhat 
listless and exhibited rough coats and depraved appetites. These abnormalities 
were largely overcome by the addition to the ration of a complex mineral mix- 
ture. This addition had little effect upon the relative proportions of the VFA 
in the rumen or upon apparent microbial activity, as evidenced by the distri- 
bution of C' in the in vitro dissimilations. 


DISCUSSION 
It is apparent that marked changes can be affected in the molar proportions 
of the rumen VFA by changing from diets of hay and ground corn to various 
all-concentrate diets. For example, changing from a roughage and concentrate 
diet to an all-concentrate diet resulted in a large decrease and increase in the 
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molar proportions of acetate and propionate, respectively. Furthermore, the 
nature of the concentrate can have considerable effect on the molar proportion 
of VFA, especially when concentrates constitute the total diet. The heating of 
corn in the process of flaking resulted in a decrease of approximately 40% in 
the molar proportion of butyrate and a much larger increase in the molar pro- 
portion of the Cg and higher acids. This increase in the higher acids was noted 
earlier by Shaw and coworkers (14, 15), with diets containing a high proportion 
of cooked concentrates, and by Balch et al. (4) with diets of flaked corn. In the 
present study, the proportion of butyrate but not of the higher acids returned 
to normal following the addition of linseed oil meal to the diet, which also had 
been subjected to considerable heat. Thus, the proportion of butyrate can be 
affected by protein under some conditions and not under others (5, 15). 

In the dissimulation of gluecose-C'™ in vitro, the distribution of C™ in the 
acetate and propionate fractions reflected the changes which occurred in vivo. 
The distribution of C' in butyrate (except with the diet of flaked corn and added 
minerals) and in the higher acids did not reflect the changes in these VFA in 
vivo. It is possible that the time of incubation (4 hr.) in the present study was 
insufficient to allow for much conversion of the labeled glucose into higher acids, 
if it is assumed that the higher acids are produced from the condensation of two 
and three carbon fragments, as was suggested by Gray ect al. (8). 

[t will be reealled that Leffel et al. (10) had observed a marked increase in 
the distribution of C'™ in the valerie and higher VFA from both giucose-C' 
and acetate-1-C'*, when incubated for 24 hr. with washed cell suspensions pre- 
pared from the rumen contents of cows fed on cooked concentrate rations. It is 
apparent from the present results and from those of Leffel et al. that when the 
diet is changed sufficiently to effect a marked change in the molar proportion of 
the VFA in the rumen, this change is accompanied by a marked change in rumen 
microbial metabolism. It will be recalled that it has been reported that the types 
and numbers of microorganisms in the rumen are altered by flaked maize (11). 

The molar proportions of the ramen VFA in the animals on the all-corn diet 
make it clear that the high heat increment noted by Forbes et al. (7) with such 
a diet can not be explained on the basis of the relative amounts of these acids 
available to the host animal. The suggestion of Forbes et al., that the high heat 
inerement which they observed was due to an unbalanced diet, appears to be the 
logical explanation. It has been shown that the fat content of milk of dairy 
cows, as well as the efficiency of gains in steers, can be controlled to a remarkable 
extent by manipulating the ruminal production of VFA (6). It is evident from 
the present study that in any attempt to influence productive performance by 
manipulating the ruminal production of VFA, a balanced diet is an important 
requisite. 
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CHANGES IN THE PAPER ELECTROPHORETIC WHEY-PROTEIN 
PATTERN OF COWS WITH ACUTE MASTITIS! 


J. G. LECCE anp J. E. LEGATES 
Department of Animal Industries, North Carolina State College, Raleigh 


SUMMARY 


Pre-treatment and post-treatment observations on 43 suspected cases of mastitis 
were made concerning: (1) the quality of the milk and the condition of the udder 
(barn tests); (2) the number of leucocytes in the milk; (3) the presence of bacteria 
in the milk, and (4) the relative amounts of the various whey proteins. The most 
consistent and obvious change in the whey-protein pattern of milk from mastitic 
quarters was the appearance of a fraction migrating at the rate of blood-serum albumin. 
Relative increases in the amount of immune globulins were also noted. The presence 
of blood-serum albumin in whey was consistently accompanied by high leucocyte 
counts, but the reverse was not necessarily true. There seemed to be little correlation 
between the presence of blood-serum albumin and bacteria in the milk. Blood-serum 
albumin in whey seems to be a reliable indicator of inflammation and, hence, mastitis. 





Bovine mastitis, or inflammation of the mammary gland, usually is diagnosed 
by subjective observations based on the appearance of the milk, appearance of 
the udder, and laboratory tests (mainly number of leucocytes and kinds of 
microorganisms). Since, in the final analysis, mastitis represents inflammation 
of the udder (and not necessarily abnormal milk, or high leucocytes, or bacteria 
present, ete.), it was felt that objective measurable changes, that might be a part 
of or be more closely associated with the abnormalities called inflammation, should 
prove useful in the diagnosis and understanding of mastitis. Classical studies on 
inflammation in general have shown that one of the earliest responses of the host 
to an irritant is an increase in capillary permeability of the host’s tissue near 
the irritant (4). This change in permeability, among other things, leads to an 
outpouring of plasma proteins from the blood circulation. Perhaps such a 
change in permeability towards plasma proteins occurs in a readily detectable 
quantity in mastitis. The approach taken was to analyze, from the same udder, 
whey-protein patterns of milk obtained from normal and mastitic quarters. Re- 
sults obtained from such analyses are the subject of this report. 


METHODS 


Experimental animals. The cows utilized in this study were purebred Ayr- 
shires, Guernseys, Holsteins, and Jerseys maintained by the college for research 
and teaching purposes. Different stages of lactation as well as numbers of lac- 
tation were represented. At each milking, the condition of the milk (strip cup 
examination) and udder (palpation) was noted. Samples for analysis were taken 
from the abnormal quarters and also from one or more normal quarters on the 
same cow (controls). These samples were designated Mastitis 1 (M-1l) or 
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Normal 1 (N-1). Immediately after sampling, the abnormal quarter was infused 
with a treatment designed to inhibit the growth of bacteria. Two more treat- 
ments followed at 24-hr. intervals; thus, the mastitic quarter was treated once 
daily for a total of three treatments. Twenty-four hours after the last treatment 
(72 hr. after first treatment) another sample was taken from the abnormal and 
the normal quarter. These were designated M-2 and N-2, respectively. Four 
days later (seven days from onset), samples were again obtained. These were 
designated M-3 and N-3. 

Regime of analysis. Fore-milk samples were drawn from the mastitic and 
normal quarter and refrigerated. Usually within a few hours, these samples were 
cultured at 87° C. on blood-agar plates for the detection of bacteria and stained 
for the enumeration of leucocytes. Standard biochemical tests and fermentation 
reactions were used for identifying the bacteria isolated. Details of these tech- 
niques are given by Young (7). For this work, leucocyte counts over 10° per 
milliliter were considered high. At the same time, whey was prepared from an 
aliquot of the above samples by precipitating the casein with commercial rennin. 
A 0.1-ml. of rennin diluted 1:50 was added to 10 ml. of skimmilk. To accelerate 
precipitation, the samples were incubated at 37° C. for 20 min. Oftentimes 
(especially with milk from mastitic quarters), it was necessary to acidify the 
milk to approximately pH 6.0 with dilute HCl, to complete the precipitation. 
The neutralized supernatant from these samples (whey) was frozen until used. 

Paper electrophoresis was used to separate whey proteins into type and 
relative amount. LKB electrophoretic equipment, analyzing four strips per cell, 
was used in this study. Approximately 0.05 to 0.10 ml. of whey was placed on 
each 1.5-in. paper strip. The volume of sample, within 0.05 to 0.10 ml., necessary 
for good separation and quantitation was determined empirically. The analysis 
was conducted in veronal buffer of pH 8.6 and ionic strength of 0.1. Time of 


‘ 


separation at 4° C. was either 8 hr. at 214 ma. per strip or 16 hr. at 2 ma. A 
saturated solution of amido-black 10 B in a mixture of 10% acetic acid, 45% 
methanol, and 45% water was used for visualizing the various protein fractions. 
Relative amounts of proteins were obtained by scanning the stained strips in a 
Spinco Model RB analytrol. To aid in the identification of the proteins in whey, 
comparison standards of bovine serum, and purified samples of B-lactoglobulin, 
a-lactalbumin, and immune globulins were analyzed at the same time as whey, 
as well as when mixed with whey. The various fractions in whey were also com- 
pared in relative mobility and relative concentration to previously reported 
electrophoretic fractions (3). Nomenclature is the same as suggested by Jenness 
et al. (2). 

Since it has been speculated that the cellular release of histamine or histamine- 
like substances may, in part, be responsible for inflammatory response, the effect 
of histamine on cows’ udders was tested. The right front quarter of three cows 
was infused with 2.75 mg. of histamine acid phosphate in 20 ml. of either physi- 
ological saline or Ringer’s lactate diluent (one of the cows had received the same 
infusion 3 wk. before). The left front quarter was infused with 20 ml. of diluent 
(diluent-infusion control), and the right rear quarter served as a normal control. 
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Samples were taken immediately before infusion and 4 hr. post-infusion (one of 
the cows was sampled 1 hr. after infusion, 4, 8, and 24 hr.). Udder and milk 
condition and relative amounts of whey proteins were noted. 


RESULTS 
Analysis, by paper electrophoresis, of the whey proteins from normal and 
mastitis quarters showed that the whey protein pattern from the mastitic quarter 
was markedly altered from the normal. Typical changes (representative of 
data obtained from an analysis of 48 suspected cases of mastitis) are to be found 
in Figure 1. The most outstanding change in the mastitie quarter was an ap- 





60 (1 normat QuarTeR 
z 50 GH mastitic quarter 
F 40 1. Blood serum albumin 
é 30 2. g9° Lactegiobulin 
rf 20 3. > Loctetbumin 
fe 10 4. immune = giedsiins 








" specie enarem 
—+— + MIGRATION DIRECTION <*— 
Fig. 1. Paper electrophoretic strips of whey proteins in milk obtained from a normal and 
a mastitic quarter, and relative quantitative results. Time of separation was 16 hr. at 2.0 ma. 
in veronal buffer of pH 8.6 and 0.1 ionic strength.’ Strips were stained with amido-black 
10 B and quantitated in a Spinco Model RB analytrol. 


pearance of a fraction migrating at the rate of blood-serum albumin. Trace 
amounts of protein migrating in this relative position have been shown by sero- 
logical means to be identical with blood-serum albumin (1). Although small 
amounts of blood-serum albumin in bovine whey have been demonstrated with 
moving boundary electrophoresis (3), with the analytical techniques used here, 
the marked increase in blood-serum albumin in the mastitic quarter approached 
an all-or-none phenomenon, since usually no (or in a few cases less than 5%) 
blood-serum albumin was detected in the normal quarter of the same cow sampled 
at the same time as the mastitic quarter. Relative increases in the amount of 
immune globulins also were noticed. Blood-serum albumin in whey samples was 


easily detected, since it was the fastest-moving boundary (Figure 1). 


Pre-treatment and post-treatment observations, from both the mastitic and 
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normal quarter, were made concerning: (1) the quality of the milk (strip cup) 
and the condition of udder (palpation); (2) the number of leucocytes in the 
milk; (3) the presence of bacteria in the milk, and (4) the relative amounts 
of the various whey proteins. On the basis of the results obtained from the 43 
suspected cases, it was possible to divide them into five categories (Table 1). 
Detailed data of the means obtained from all the cases in the five categories are 
to be found in Table 2. It can be seen from Table 1 that the presence of blood- 
serum albumin in the whey was consistently accompanied by high leucocyte 
counts (Categories I, II, V). However, the reverse was not necessarily true, 


TABLE 1 
Categorical groupings for suspected mastitic quarters, based on the gross appearance 
of milk and udder, leucocytes and bacteria in the milk, 

and blood-serum albumin in the whey 


Category I II III IV V 
No. of cases 20 10 6 2 5 

Milk and udder observations +* + r " . 
High leucocytes +» n n = 4 
Bacteria in milk : - . : +! 
Blood-serum albumin in whey + - _ _ a 





“= Positive to strip cup and/or palpation. 
= Above 10° per milliliter. 
= Two cases, positive; three cases, negative. 


TABLE 2 
Means of leucocyte counts and per cent of various whey proteins in milk obtained 
from 43 suspected mastitic and normal quarters 





Mean Mean 











percent Mean Mean Mean leuco- 
blood- percent percent percent cytes per 
No. Bacteria serum _ f-lacto- a-laet- immune _ milliliter 
Category cases in milk Sample* albumin globulin albumin globulins x 10° 
M-1 15 38 23 24 22 
I 20” + M-2 9 42 25 24 10 
M-3 7 44 26 23 11 
N <3 58 29 13 1.8 
M-1 S 46 23 23 8 
II 10 - M-2 14 41 22 23 5 
M-3 4 54 23 17 2 
N <7 55 3 14 0.9 
M-1 0 59 25 16 13 
II] 6 M-2 0 57 27 16 1.6 
M-3 0 61 28 11 3.9 
N 0 60 27 13 0.4 
M-1 0 48 36 16 0.15 
IV 2 M-2 0 53 35 13 0.2 
M-3 0 49 36 15 0.06 
N 0 47 39 14 0.6 
M-1 9 41 30 20 11 
V 5 +‘ N 0 60 30 20 0.9 


“= M-l, pre-treatment sample; M-2, one day post-treatment; M-3, five days post-treat- 
ment; N, normal. 

"=QOut of 20: hemolytic staphlococei, eight; S. agalactiae, six; Pseudomonas, three; 
S. uberis, two; coliform, one. 
Two cases, positive; three cases, negative. 
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i.e., it was possible to have high leucocyte counts in the milk (over 10® per milli- 
liter) in the absence of detectable blood-serum albumin in the whey (Cate- 
gory III) ; also, the number of leucocytes was not proportional to the amount of al- 
bumin (highest leucocyte counts did not necessarily have highest relative amount 
of serum albumin in whey). Category II in Table 2 illustrates this point. It 
was further observed that often the normal quarter would have slight increases 
in leucocyte counts with no detectable blood-serum albumin in the whey (Cate- 
gory I, Table 2). Again, the presence of blood-serum albumin in the whey was 
consistently accompanied by high leucocyte counts in the milk. Out of 48 
suspected cases of mastitis, 41 had high leucocyte counts and 35 of these also 
had easily detectable blood-serum albumin in their whey. The two suspected 
cases that were low in leucocytes were also negative for blood-serum albumin. 

The appearance of blood-serum albumin in the whey seemed to be independ- 
ent of any one species of bacteria and, on ten occasions, independent of our 
ability to isolate or detect any bacteria. The following wide variety of bacteria 
in decreasing order of their frequency were isolated: Hemolytic staphylococ- 
cus were isolated from eight cases; Streptococcus agalactiae, six; pseudomonas, 
three; Streptococcus uberis, two, and coliforms, one. 

Infusing the quarter with histamine demonstrated that it was possible to 
increase the size and firmness of the quarter markedly (within an hour after 
infusion and lasting for about 6 hr.) without concomitantly increasing the blood- 
serum albumin level in the whey. This enlargement occurred in four out of four 
infused quarters (three different cows). 

Changes in the relative amount of blood-serum albumin in whey seemed to 
parallel closely the prognosis of mastitis; i.e., as the milk. and the quarter ap- 
peared more normal the blood-serum albumin decreased or disappeared and, con- 
versely, as gross signs became worse, the relative amount of blood-serum albumin 
increased. 

Occasionally, whey samples from some quarters contained a trace amount 
of a fraction migrating faster than blood-serum albumin and also a fraction 
migrating between f-lactoglobulin and a-lactalbumin. These occasionally ap- 
pearing fractions were not interpreted as being germane to this study. 


DISCUSSION 

Before any fundamental research on mastitis can be undertaken, the investi- 
gator must first decide on an operational definition of mastitis. In essence, 
mastitis means inflammation of the udder. It follows, then, that in order to diag- 
nose mastitis one must have convenient measurements that parallel or are a 
part of the inflammatory changes. For diagnostic aids, the investigator relies 
mainly on three subjective observations: (1) the appearance of the milk; (2) the 
appearance of the udder; and (3) laboratory tests (although laboratory findings 
are derived from objective measurements they, too, have areas difficult to evalu- 
ate, e.g., the lower limit of leucocytes indicative of mastitis and the number and 
kinds of microorganisms to be considered significant). It is to be expected that 


difficulties will arise in reconciling these three subjective observations into an 
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operational definition of mastitis. This became apparent to us while requiring 
a definition of mastitis that could be used in a genetic study dealing with the 
resistance and susceptibility of cows to mastitis (7). 

The obvious, acute cases with watery, lumpy milk; red, enlarged quarters ; 
high leucocyte counts plus pathogenic microorganisms offer no problem of in- 
terpretation and detection. However, difficulties arise in diagnosing the various 
degrees of intermediate cases that occur; e.g., should abnormal milk alone con- 
stitute mastitis, or high leucocytes alone, or presence of bacteria; or what com- 
bination and to what degree should abnormalities of the milk, udder, and labo- 
ratory findings be considered indicative of mastitis? 

The accumulation of leucocytes in inflammatory processes is well known and, 
in our opinion, large numbers of leucocytes in milk more accurately reflect 
mastitis than do the other observations. However, in evaluating numbers of 
leucocytes, one must bear in mind the range of normality associated with indi- 
vidual cows in different stages and numbers of lactation (5). The appearance 
of the milk (strip cup ete.) leaves much to be desired, in that milk may appear 
abnormal with no other indications of mastitis, and vice versa. Udder changes 
are useful when obvious. Observations on the bacteria present in the milk must 
be reflected against the knowledge that infection (especially with the commonly 
used udder sampling techniques) does not necessarily mean inflammation. Also, 
inflammation can occur without infection, e.g., from mechanical or chemical 
irritation. Observations on 48 suspected cases of mastitis reported herein only 
amplify and confirm the existence of intermediate, subtle cases difficult to inter- 
pret and diagnose. 

The diagnostic aids now in use obviously are of value. However, their short- 
comings pose a potential source of dilemma to the investigator. Again, this 
potential dilemma only manifests itself with the subtle, less-apparent cases of 
mastitis. It seems, however, that it might be possible to obviate this predicament 
if one used the subjective, diagnostic aids as enumerated above (milk, under, leu- 
cocyte, and bacterial observations) to call attention to or screen for possible mas- 
titis quarters. The questionable cases could be subjected to more sophisticated 
measurements that would more accurately and objectively reflect inflammation. 

Past investigations (4) have shown that early changes in inflammation, in 
general, are brought about by increases in capillary permeability, leading to an 
outpouring of plasma proteins in inverse ratio to the melecular weight of the 
protein. It seems, therefore, that measurements directed at detecting the changes 
accruing from increases in capillary permeability would be a most useful com- 
plement to the above screening procedure. Using techniques described in this 
report, such changes have been observed and measured; namely, the appear- 
ance of blood-serum albumin in the diseased quarter. Studies on appearance of 
milk, udder, leucocytes, and bacteria do, indeed, indicate that inflammation and 
blood-serum albumin in whey are closely paralleled. In the context of this dis- 
cussion, the detection of blood-serum proteins, especially albumin, in whey has 
value in helping the investigator to decide whether the other observed abnormali- 
ties in the milk and udder are due to inflammation and, hence, mastitis. 
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With the extra effort and expense required to detect blood-serum albumin in 
whey, it is doubted that this test has much practical application in the routine- 
milking barn; however, awareness that irritation to the udder may result in 
changes reported herein should be of value to research dealing with the physi- 
ology of the bovine udder—be it mastitis, synthesis of milk protein, formation of 


antibody (7), and the like. 
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MILK TEST FOR KETOSIS IN DAIRY COWS! 


L. H. SCHULTZ anp MARGO MYERS 
Department of Dairy Husbandry, University of Wisconsin, Madison 


SUMMARY 

Twenty cows considered susceptible to ketosis were tested with a qualitative milk 
test for ketosis at weekly intervals for 4 wk. following calving. The results were com- 
pared with the quantitative levels of ketones in the blood and milk and the outward 
symptoms of ketosis. 

The milk test gave a conservative but accurate indication of the degree of ketosis. 
Fifty per cent of the cows maintained negative milk tests and showed no symptoms of 
ketosis. Forty per cent showed at least one mildly positive milk test, but did not 
require ketosis treatment. Ten per cent showed markedly positive milk tests and 
required treatment. 

There was a correlation coefficient of +0.87 between the blood and milk levels of 
the ketone fraction made up of acetoacetic acid and acetone. A lower correlation coeffi- 
cient of +0.36 between the blood and milk levels of betahydroxybutyrie acid could be 
attributed to utilization of this acid by the mammary gland. Total milk ketones were a 
little less than one-half the blood ketones. 





For many years, the Ross (12) urine test for ketone bodies has been used 
by veterinarians in the diagnosis of ketosis. The number of dairymen using it 
has increased in recent years. The test is useful in that a negative test rules out 
ketosis. However, interpretation of a positive test is difficult, since not all cows 
with positive tests require treatment (6). Use of this test by the dairyman may 
result in undue concern over the ketosis problem in his herd. 

A number of veterinary workers (1, 9, 11) have reported on the use of a 
modified Ross test on milk for the diagnosis of ketosis. These workers agreed 
that the milk test was less sensitive than the urine test and that a positive milk 
test was a more definite indication of the need for treatment than a positive 
urine test. However, doubt as to whether the milk test is sufficiently sensitive 
to pick up early ketosis appears to have limited its use in the field. 

A number of workers have made quantitative determinations of ketone 
bodies in milk (5, 8, 9, 10). Most of the reports give normal levels of total milk 
ketones of approximately 2.0 mg. “%. In general, milk levels have been reported 
to be about one-half of the blood values, whereas the urine level exceeded the 
blood level by about four times (8). Jn ketosis, levels of total milk ketones as 
high as 42 mg. % have been reported (6). Levels of the beta-hydroxybutyric acid 
fraction up to 6.3 mg. %, and the acetoacetic acid and acetone fraction up to 30.0 
mg. %, have been reported (9). 

The purpose of this study was to determine the value of routine use of the 
qualitative milk test for ketosis by dairymen troubled with this disease, particu- 
larly from the standpoint of the sensitivity of the test in early borderline ketosis. 

EXPERIMENTAL PROCEDURE 

This study was made on 20 cows (14 Holstein, three Guernsey, two Brown 
Swiss, and one Ayrshire) in the University of Wisconsin dairy herd. Blood and 
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milk samples were taken at 1, 2, 3, and 4 wk. intervals following calving. Routine 
sampling time was 10 to 11 a.m. Blood samples were taken from the jugular vein. 
Milk production figures represent the production on the day of sampling. 
Analyses were made for blood sugar and ketones and milk ketones. 

Total ketones were determined in two fractions, the acetoacetic acid and 
acetone fraction and the betahydroxybutyric acid fraction, both of which are 
expressed as acetone. Any isopropanol (15) presumably would appear in the 
latter fraction. 

Blood proteins were precipitated by the method of Folin and Wu (7). 
) method. Blood ketones were 


Blood sugars were determined by the Benedict (3 
B 


distilled according to the method of Behre and Benedict (2), and acetone was 
determined colorimetrically by the method of Block and Bolling (4). For the 
acetoacetic acid and acetone determination, milk proteins were precipitated 
by the Folin-Wu (7) method for blood. For the betahydroxybutyric acid de- 
termination in milk, the proteins were precipitated by the procedure of Behre 
and Benedict (2) for urine, involving the use of calcium hydroxide and copper 
sulfate. Distillation and acetone determination on the milk filtrate followed 
the same procedure as that for the blood filtrate, except that the two fractions 
were run on separate subsamples. 

The qualitative milk test consisted of the use of Denco powder (Denver 
Chemical Manufacturing Co., Ine.), composed of sodium carbonate, ammonium 
sulfate, and sodium nitroprusside in granular form. The test consisted simply 
of placing from two to three drops of milk on a mound of white powder about 
the size of a dime on a white surface. A negative test was one in which there was 
no color change. A faint tinge of pink was rated a trace reaction. A some- 
what more definite pink color was rated 1+. Two-plus ratings were given those 


reactions in which a definite purple color developed. 


RESULTS AND DISCUSSION 


Table 1 summarizes the data collected at the four weekly sampling intervals. 
The cows were divided into three groups. One group of ten cows had no positive 
milk tests throughout the period and was considered normal. Another group 
of eight cows had at least one positive milk reaction during the experimental 
period, but did not require treatment. None of the reactions on the milk was 
greater than 1+. This was considered the borderline group. The third group, 
consisting of two cows, showed milk reactions greater than 1+ and required 
ketosis treatment. This was considered the ketosis group. Treatment consisted 
of 14 lb. of sodium propionate daily by drench for a period of from five to ten 
days. One cow relapsed and required a second treatment. It can be seen readily 
from Table 1 that the total ketone level of the milk followed the blood ketone 
level fairly closely and was a good indication of the degree of ketosis. Milk 
ketones represented 47% of the blood ketones in the normal cows and 37% in 
ketotic cows over the 4-wk. period. 

Table 2 shows the comparative levels of the two ketone fractions in blood 


and milk. It can be seen that the acetoacetie acid and acetone fraction in milk 
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TABLE 1 


Summary of blood and milk measurements at weekly intervals after calving 


Total ketones 


Wk. Blood Milk 
after * Blood _ Negative 
calving Milk sugar Mean Range Mean Range milk tests 
(lb/day) = (ig, Se ) A (%) 
Normal cows (10) 
l 48 47 5.5 0.9— 8.1 2.2 0 2.8 100 
2 53 44 4.3 1.2-— 6.9 2.3 1.4— 3.5 100 
3 53 44 5.7 3.3-— 7.9 2.2 0 2.8 100 
4 52 44 4.9 1.8-10.3 2.6 1.5-— 4.4 100 
Borderline cows (8) 
] 50 38 6.8 2.3-16.4 3.2 1.9— 4.6 75 
2 56 36 8.9 3.9-19.5 3.8 2.5-— 5.2 62 
3 57 42 9.2 2.2-17.4 3.5 1.7— 5.3 62 
4 59 42 8.0 3.6-11.5 3.2 1.2-- 6.5 62 
Ketotie cows (2) 
1 55 43 12.7 8.8-16.8 3.0 2.9- 3.3 0 
2 52 34 25.9 23.7-28.2 9.4 9.4-— 9.5 0 
; 62 41 15.8 10.9-20.7 6.5 5.0- 8.3 Treated 
$ 65 3 12.6 2.6-22.6 5.8 0.7-11.0 Treated 


followed very closely the amount in the blood, but at a slightly lower level. In 
only 13 out of 80 samples was the milk level higher than the blood level and then 
only by a very small amuont. The correlation coefficient between the blood and 
milk levels of this fraction was + 0.87. 

The betahydroxybutyrie acid level in the milk did not follow the blood 
level very closely, and remained at a fairly low level. When the blood level 
increased, the milk level failed to follow. The correlation between the blood 


TABLE 2 
Comparative levels of the two ketone body fractions in blood and milk 


7 Acetoacetic Acid and acetone Betahydroxybutyrie Acid 
Wk. after 
calving Blood Milk Blood Milk 


c 


S$. $f gy. 6 ) 





Normal cows (10) 


1 0.9 0.8 4.6 1.5 
2 0.9 0.7 3.4 1.6 
3 0.9 0.6 4.8 1.6 
4 1.0 0.8 3.9 1.5 
Borderline cows (8) 
1 1.6 13 5.2 1.9 
2 2.1 12 6.8 2.6 
3 2.4 13 6.8 2.2 
4 2.1 1.2 5.9 2.1 
Ketotie cows (2) 
1 3.1 1.9 9.6 1.1 
2 9.5 7.4 16.4 2.0 
3 3.4 3.5 12.4 3.0 
4 4.0 3.6 8.6 2.2 
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and milk levels was + 0.36. Although this was highly significant statistically, 
it was much lower than the previous figure. This difference could be explained 
by the fact that betahydroxybutyric¢ acid was being used by the mammary gland. 
It has been shown (13, 14) that the mammary gland of the normal as well as 
the ketotic cow uses betahydroxybutyrie acid, but not acetoacetic acid and 
acetone. Despite this failure of the milk level of betahydroxybutyric to increase 
in proportion to increases in the blood level, the milk test would maintain its 
accuracy in reflecting total ketone levels in the blood, because it does not measure 
the betahydroxybutyric acid fraction. 

Table 3 gives the information collected over a 9-wk. period on a_high- 
producing cow that developed ketosis. Although the ketone levels of the blood 
and milk were fairly high right after calving, the milk test on colostrum was 
negative. Apparently, it does not work well on colostrum. This has been re- 
ported previously (11). The time of sampling for the milk test did not appear 
to be critical. Samples were routinely taken about 10 a.m. Samples taken 
before milking at 4 P.M. on the same day were comparable. Even a sample taken 
shortly after milking was quite similar to one taken just before milking. The 
milk ketone test reflected the degree of ketosis quite accurately. Under normal 
circumstances, this cow would have been treated at the first appearance of the 
2+ milk test and production would not have dropped to 50 Ib. daily. The need 
for retreatment was accurately indicated in the sample taken 1 wk. after treat- 
ment stopped. 

Table 4 shows the relationship of the qualitative milk reaction to the quanti- 
tative measurements in the blood and milk. It can be seen that the general 
trends were toward lower blood sugar and higher levels of each of the ketone 


TABLE 38 


Changes in blood and milk ketones following calving in a ketotie cow 


Blood Milk 
Days B-Hydroxy- Acetoacetic 8-Hydroxy- Acetoacetie Quali- 
after Daily butyric Acid and butyrie Acid and tative 
calving milk Sugar Acid acetone Acid acetone test Remarks 
(lb.) (mg. %) ~—-—— - - — 
2 39.5 8.3 4.2 1.9 2.2 Nega- Colostrum 
tive 
13 57 33.4 6.5 2.3 0.9 2.4 Trace 
17 54 30.8 10.7 5.8 4.9 ++ 10 A.M. 
33.6 Ai.) 6.2 3.6 4.4 4+ P.M. 
»(* 50 30.6 14.3 9.4 1.3 8.1 +--+ 10 A.M. 
30.6 17.4 10.6 0.5 7.1 + 4 P.M 
1.6 5.1 5 P.M.‘ 
24 68 32.6 1.2 1.1 2.3 1.9 Trace 
27° 73 38.6 8.5 2.4 2.5 2.5 Trace 
35 68 37.5 15.7 6.9 3.8 7.1 t 
38 83 34.2 14.4 7.2 3.0 4.8 
18 76 33.9 15.1 4.9 3.1 3.0 
52° 68 35.4 13.0 5.2 2.6 3.9 ++ 
7 8.9 2.5 2.8 1.5 Traee 


63” 84 43. 


“Started ketosis treatment. 
» Stopped ketosis treatment. 
* Milked at 4:30 P.M. 
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TABLE 4 
Relationship of the qualitative milk ketone reaction to quantitative measurements 
in the blood and milk 


Blood Milk 
B-Hydroxy- Acetoacetic f-Hydroxy- Acetoacetic 
No. of butyrie Acid and butyric Acid and 
Milk test samples Sugar Acid acetone Acid acetone 





—_—_—_— (mg. Fo J 


Negative 63 43.9% 1.3° 43+ 0.3 11+ 0.08 1.7+0.1 0.8+0.06 
20.8—71.3 0.4—11.5 0O— 2.4 0—3.8 0—1.6 

** ** ** * ** 
Trace 12 40.1+ 3.0 8.8+ 1.3 2.8% 0.2 2.30.3 1.7+0.2 
23.9—57.7 1.2—15.7 12— 4.9 0.4—4.2 0.8—3.2 

n.s. ns. 11.5. ns. 1.8. 
One plus 5 30.2+ 1.6 11.0+ 1.6 $.0+ 1.0 3.10.8 2.50.6 
25.8—35.5 7.9—16.4 2.2— 7.8 1.6—5.0 1.0—4.8 

n.s. . ” 1.8. id 
Two plus 10 34.9% 1.2 47x OB [ia O24 2.80.3 5.50.5 


30.6—43.4 10.7—18.6 4.3—10.6 1.3—3.9 3.0—8.9 


“ Arithmetic mean and standard error with range below. 

* Difference between mean above and below significant at 5° level. 
** Difference between means significant at 1% level. 
n.s.—Nonsignificant. 


fractions as the milk test became more positive. It could be concluded that the 
milk test most accurately reflected the acetoacetic acid and acetone fraction of 
the milk and, in turn, the blood. As might be expected, it did not accurately 
reflect the betahydroxybutyric acid in milk, since it does not measure this frac- 
tion. Although there was considerable overlapping, the milk test was a fair 
indication of the betahydroxybutyric acid level in the blood, because of the rather 
constant relationship of this ketone fraction to the acetoacetic acid and acetone 
level. 

The average milk level of acetoacetic acid and acetone for the trace reaction 
was 1.7 mg. %. This represented 4.0 mg. % total milk ketones, 11.6 mg. % 
total blood ketones, and 40.1 mg. % blood sugar. In the writers’ experience, 
these blood levels represent early borderline ketosis, so the milk test in this 
study was sensitive enough to give adequate ketosis warning. There were no 
significant differences between the trace and 1+ reactions in terms of quanti- 
tative levels of milk or blood ketones. It would appear that these two ratings 


- os 


could be combined. The 2 + reactions represented an average level of 5.5 mg. % 
acetoacetic acid and acetone in the milk and a total ketone level of 21.7 mg. % 
in the blood. These levels suggest the rather definite need for treatment. 

The addition of known amounts of acetone to milk caused trace reactions 
to appear at approximately 3 mg. “%. The fact that trace reactions appeared in 
this study at somewhat lower levels would suggest that the test was more sensitive 
to acetoacetic acid than to acetone. This has been observed for the Ross test (9). 
Apparently, the powder form of reagent is more sensitive than the conventional 
Ross test tube test in which the alkali is added separately, or the compressed pill 
form, since milk containing 5 mg. % added acetone gave no reaction with these 
two forms but a definite color with the powder. 

It would appear that this milk test could be used to advantage for ketosis 
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control in problem herds. A negative milk test gives reasonable assurance that 
there is no ketosis, although a negative urine test would be still more definite 
evidence for ruling out ketosis. A trace or 1+ reaction indicates borderline 
ketosis, with the decision as to whether or not to treat depending upon the other 
symptoms. When the test becomes definitely positive, as indicated by a 2+ or 
greater milk reaction, treatment is indicated. On this end of the scale, the milk 
test has a distinct advantage over the urine test. If only one test is to be used 
routinely, the one of choice would seem to be the milk test, because of the 
greater ease of obtaining the sample and a more conservative indication of the 
degree of ketosis. Weekly sampling appeared to be adequate in this study. 

It would seem that the procedure of routine sampling would be practical 
only in herds with a ketosis problem and then, possibly, on a selected cow basis. 
Although no complicating ailments were involved in the case of the cows in this 
study, it should be recognized that some of the cows with positive tests would 
probably have secondary ketosis. It should also be recognized that this procedure 
would simply be an aid to the necessary cooperation between the dairyman and 
the veterinarian in ketosis control, permitting earlier treatment than might 
otherwise be the case. 

REFERENCES 
(1) Apuer, J. H., Roperts, 8S. J., anp Street, R. G. D. The Relation Between Reactions to 
the Ross Test on Milk and Urine and the Degree of Ketonemia in Dairy Cows. 
Cornell Vet., 47: 101. 1957. 
2) Benre, J. A., AND BENEDIcT, S. R. A Colorimetric Method for the Determination of 
Acetone Bodies in Blood and Urine. J. Biol. Chem., 70: 487. 1926. 
(3) Benepicr, S. R. The Analysis of Whole Blood. II. The Determination of Sugar and of 
Saecharoids. J. Biol. Chem., 92: 141. 1939. 
BLock, R. J., AND BoLLine, D. The Determination of the Amino Acids. Rev. ed. Burgess 
Publ. Co., Minneapolis, Minn. 1940. 
(5) Duuncan, C. W., AND HurrMan, C. F. The Value of the Qualitative Color Test in the 
Study of Ketosis. J. Dairy Sci., 23: 556. 1940. 
(6) Duncan, C. W., HurrMan, C. F., anp Topix, H. A. A Chemical Study of Ketosis in a 
Dairy Herd. J. Am. Vet. Med. Assoc., 95: 690. 1939. 
(7) Four, O., anp Wu, H. A System of Blood Analysis. J. Biol. Chem., 38: 81. 1919. 
(8) Knopt, C. B., SHaw, J. C., AND Wuirr, 8S. C. Studies on Ketosis in Dairy Cattle. II. 
Blood and Urinary Acetone Bodies of Dairy Cattle in Relation to Parturition, Lacta- 
tion, Gestation, and Breed. J. Dairy Sci., 25: 851. 1942. 
(9) Parerson, A. B. The Diagnostic Value of Rothera’s Test on Milk. Vet. J., 101: 199. 
1945. 
(10) Ports, R. B., AND Keser, E. M. Effect of Grass Silage on Milk Flavors and Blood and 
Milk Acetone Bodies. J. Dairy Sci., 40: 1466. 1957. 
(11) Rogers, J. ALLYN. Testing Milk for Preclinical Signs of Ketosis. J. Am. Vet. Med. 
Assoc., 131: 295. 1957. 
(12) Ross, 8. S. A Modification of Rothera’s Test for Acetone Bodies in the Urine. J. Lab. 
Clin. Med., 16: 908. 1930. 
(13) SHaw, J. C. A Comparison of the Acetone Body Metabolism of the Lactating Mammary 
Gland of the Normal Cow with that of the Cow with Ketosis. J. Biol. Chem., 142: 53. 
1942. 
(14) Saw, J. C., AnD Knopt, C. B. The Utilization of 6-Hydroxybutyrie Acid by the Lae- 
tating Mammary Gland. J. Biol. Chem., 138: 287. 1941. 
(15) Tun, C., AND Ropertson, A. The Estimation of Acetone Bodies. Biochem. J., 51: 218. 


1952. 


~ 








U 
has 
mat 
sam 
effe 
on 
por 
the 
ast 
sto 
treé 
for 
har 
to. 
ren 
pre 
pre 
ple 
tul 
tro 
wi 











TECHNICAL NOTES 


EFFECTS OF SMALL ELECTRICAL CURRENTS UPON 
LIME GRAIN FORMATION AND RELATED 
PROPERTIES IN EVAPORATED MILK! 


Using electrical pretreatment, Freeborn (2, 3) 
has been able to prevent boiler water seale for- 
mation. Leeder and Martin (4), employing the 
same electrical treatment system, were able to 
effect a reduction in the formation of milkstone 
on milk-heating equipment. The authors re- 
ported that the normal crystalline structure of 
the precipitated minerals appeared to be altered 
as a result of the electrical treatment. Less milk- 
stone was noted on the heating plates with 
treated milk, and the treatment resulted in the 
formation of a soft, sticky deposit instead of a 
hard, grainy seale. This project was undertaken 
to determine the effect of small electrical cur- 
rents upon lime grain formation and related 
properties in evaporated milk. 

The electrical treatment cell employed in this 
project was of newer design than the one em- 
ployed by Leeder and Martin (4), and is pic- 
tured in Figure 1. This unit, called the Hydro- 
tron, was designed for use in a 1.5-in. pipeline 
with a peak rate of flow of 600 gal. per hour. 


reine 


MOWEL ELECTRODE 


POSITIVE TEAMIMAL 


TERMINAL INSULATOR 
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Fig. 1. The electrical treatment cell. 
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The cell is coated internally with Epoxy resin 
and is powered by a dry cell battery contained 
in a separate control box. Passage of the liquid 
through the treatment cell completes the circuit, 
and the treatment actually occurs as the product 
passes through the holes in the plate which 
serves as the positive electrode of the cell. 

Two types of evaporated milk products were 
manufactured and electrically treated. The first 
was a product made to United States standard 
composition of 7.9% fat and 25.9% total solids; 


the second was a_ grain-induced evaporated 
product made to standard composition, but 
which contained direct additions of calcium 


chloride and citrie acid solutions, as described 
by Deysher and Webb (1). Nine milliliters of 
10% calcium chloride solution and 15 ml. of 1.0 
normal citric acid (adjusted to pH 6.65 with 
sodium hydroxide) were added to 2,250 2. of 
standard composition product. 

The electrical treatment of the batches was 
performed by pumping the product through the 
Hydrotron at a constant rate of 400 gal. per 
hour. The cell was mounted vertically and con- 
nected to the pump, so that the product was 
pumped up through the cell. The range of treat- 
ment employed on the batches of product was 
from 0.160 to 29.250 mv. The products were 
filled into standard 14.5-0z. evaporated milk 
cans and sterilization was accomplished with a 
hatch-type retort, employing a 15-min. heating 
time to bring the retort to 242° F., a 20-min. 
hold period at 242° F., and a 15-min. cooling 
period to bring the retort down to 95° F. The 
reel cage was revolved at 12 r.p.m. during the 
entire process. Approximately one-third of the 
samples were stored at 34 to 38° F. The major- 
ity of the samples were stored at 98 to 100° F. 

At the termination of the storage period, each 
can was opened and the contents removed. Any 
material adhering to the inside of the ean was 
removed, and the can rinsed with distilled water. 
The contents were passed through a 200-mesh 
sieve. The presence and extent of any fat sepa- 
ration were noted. Any soft, dispersible ma- 
terial, such as separated fat and protein, was 
washed through the sieve. Any lime grain re- 
maining was washed with distilled water until 
the wash water ceased to be cloudy. The grain 
was then washed with two 10-ml. portions of 
25% ethyl aleohol delivered slowly from a pi- 
pette, and transferred to dried and weighed 
fritted-glass crucibles. It was then dried and 
weighed and the lime grain present in a sample 
was expressed as the weight per 14.5-0z. can of 
evaporated milk. The pH of the samples was 
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measured after they were passed through the 
sieve. 

Slightly more than 1,000 samples were ex- 
amined for lime grain formation, pH, and fat 
separation. Lime grain was found only in the 
grain-induced samples which were stored at 98 
and 100° F. No lime grain was found either in 
the standard composition or in grain-induced 
samples stored at from 34 to 38° F., and none 
was found in the standard composition samples 
stored at from 98 to 100° F. It was hoped that 
the milk from the New Jersey Agricultural Ex- 
periment Station herd would be susceptible to 
natural lime grain formation, as other milks 
have been reported to be. This was found not 
to be the case, and only grain inducement by 
the addition of salt solutions to the product 
vielded lime grain which could be studied in 
this project. 

Lime grain developed more rapidly in the 
samples from some batches of the grain-induced 
(98° F.) product than it did in other batches. 
It was not until 5 mo. of storage had been com- 
pleted: on all the samples that lime grain had 
developed sufficiently so that comparisons could 
be made between treatments. The amount of 
lime grain found per can varied from 0-20 mg. 
in some batches to 200-300 mg. in other batches. 
The data were analyzed by the method of anai- 
ysis of variance at a 0.05 probability level and 
it was found that no significant differences ex- 
isted between the weight of lime grain found 
per can in any of the electrically treated sam- 
ples and the controls. Significant differences 
were found between the different trial batches 
at the same treatment levels. The differences 
between trials at the same treatment level were 
much larger than any differences between treat- 
ments. The electrical treatment also was found 
to have no effect upon the type of lime grain 
formed in the can. 

Although no electrical effect on the type or 
amount of lime grain formed in evaporated milk 
could be demonstrated in this project, it is im- 
portant to note that the large differences found 
between the amount of lime grain in different 
batches of milk from the same herd indicate 
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that another major factor or number of factors 
influences the amount of lime grain formed in 
different milks. This factor may be the mineral 
composition of the milk as it is influenced by 
changes in feed of the cow or advancing 
lactation. 

No significant differences were found between 
the pH of the treated samples and that of the 
controls. The change in pH during storage was 
observed for the standard composition product 
and no significant differences were noted in the 
change in pH during storage between the 
treated samples and the controls. The electrical 
treatment was shown to have no effeet upon the 
degree of fat separation or degree of fat globule 
clustering in the samples examined. In addition 
to the electrical effects studied, no correlation 
can be demonstrated between the amount of lime 
grain in the samples and the pH. Also, no cor- 
relation between the degree of fat separation 
and the amount of lime grain found in the 
grain-induced samples could be demonstrated. 


H. R. Kes * 
J. G. LEEDER 
New Jersey Agricultural Experiment 
Station, Rutgers—The State University, 
Department of Dairy Science, New 
Brunswick, New Jersey 
* Results contained iu this paper are part of a 
thesis submitted by the senior author to the Gradu- 
ate Sehool of Rutgers—The State University—in 
partial fulfillment of the requirements for the de- 
gree of Master of Science. 
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A SIMPLE METHOD FOR LABORATORY PROPAGATION OF 
CELLULOLYTIC MIXTURES OF RUMEN BACTERIA ! 


The ready availability in the laboratory of 
actively cellulolytie bacterial cultures from the 
rumen would be helpful in studying aspects of 
cellulose digestion. Laboratory propagation of 
cellulolytie mixtures of organisms will alter the 
balance of types and may influence certain char- 
acteristics of the organisms involved. But, if 

‘Contribution No. 268, Department of Dairy 
Husbandry, and No. 339, Department of Bacteri- 
ology, Kansas Agricultural Experiment Station, 
Manhattan. 


the culture complex retains its cellulolytie char- 
acteristics in vitro and also digests cellulose 
when tested later in vivo, the technique will help 
in investigating some characteristics of cellulose 
digestion. Simplicity of procedure is believed 
to be essential to extensive, replicated studies. 
In our laboratory, initial efforts to propagate 
cellulolytic mixtures of rumen organisms were 
unsuccessful beyond three or four subeultures. 
After testing a variety of techniques and media, 
a relatively simple procedure was developed. 
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TECHNICAL NOTES 


The method is a modification of test-tube tech- 
niques for detecting digestion of filter paper or 
parchment (2,4). The procedure permitted rou- 
tine propagation of cellulolytic cultures over 
prolonged periods and made them readily avail- 
able in the laboratory for study. 

Preparation of substrate. Dilution fluid of 
Huhtanen et al. (3) containing 0.75% NaHCO,, 
0.07% K.HPO,, and 0.07% KH.PO, was dis- 
pensed in 100-ml. quantities in 6-0z. preserip- 
tion bottles and autoclaved. Substrate was 
prepared by subsequent aseptic additions of the 
following to each 100-ml. quantity: a) Twenty 
milliliters supernatant autoclaved rumen fluid; 
b) 0.5 ml. autoclaved 5.0% 1-cysteine solution; 
¢) 0.1 ml. sterile 0.1% resazurin solution, d) 
CO, bubbled through until pH dropped to 6.8 
or 6.9 (approximately 3 min.). 

The substrate was promptly dispensed into 
sterile serew-capped tubes, filled completely, 
and the caps tightly closed. If the tubes were 
not used when prepared, they were stored at 
5-7° C. Satisfactory results were obtained in 
tubed substrate stored up to 14 days. 

Rumen fluid used in the substrate was ob- 
tained from 2-yr.-old, fistulated heifers on al- 
falfa hay and a 12% protein grain mixture. The 
fiuid was strained through cheese cloth and dis- 
pensed in 100-ml. quantities in 6-0z. preserip- 
tion bottles. These were autoclaved for 30 min. 
at 15 lb. pressure and subsequently stored in a 
refrigerator. The fluid was permitted to settle 
several days before using the supernatant layer. 
Autoclaved rumen fluid stored 3-4 mo. in the 
refrigerator gave satisfactory results. 

The 5% cysteine solution was prepared in 
sufficient quantity to last 2-3 mo. and held re- 
frigerated in paraffin oil-sealed tubes. 

Propagation. At the time of inoculation, tubes 
of substrate were tempered in warm water to 
about 40° C., and an autoclaved strip of filter 
paper (Whatman No. 41 or Sargent No. 500) 
was placed aseptically in each tube. In the ini- 
tial culture from the rumen, 0.1 ml. of strained 
rumen fluid was added per tube (necessitating 
removal of a similar quantity of substrate from 
the tube) and the tightly capped tubes were 
incubated at 40° C. 

In subsequent propagation of the culture, a 
fragment of partially digested filter paper was 
transferred to another tube of substrate contain- 
ing filter paper added as before. Transfers usu- 
ally were made at from 2- to 3-day intervals. 
Hvidence of cellulose digestion often was ap- 
parent visually in 24 hr. and was extensive in 
1S hr. (Figure 1). 

Results. Original inoculations from the rumen 
were obtained four different times and the cul- 
tures were successfully propagated in the lab- 
oratory by the method described, for periods of 
3 wk. to 1 yr. 

Oceasionally, transfers were made from tubes 
held up to five days in the refrigerator, follow- 
ing partial filter paper digestion at 40° C. In 
such eases, cellulose digestion was slower, usu- 
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Fig. 1. Tubed substrate with filter paper show- 
ing stages of cellulose digestion by an active cul- 
ture at 40° C. (1) Immediately after inoculating; 
(2) after one day; (3) after two days. 


ae 


ally not being visually definite until three days. 
One culture, frozen for 1 wk., produced cellulose 
digestion in three days after being transferred. 
However, when frozen for 6 mo., it failed to 
digest cellulose on reculturing. Several transfers 
made from cultures held two days at room tem- 
perature after partial digestion at 40° C. failed 
to show visual evidence of cellulose digestion. 
Although anaerobie conditions were not main- 
tained during inoculation of tubes, and the 
resazurin in the substrate became oxidized, re- 


duction reoceurred on 2-4 hr. incubation at 
40° C. Presumably, oxygen-utilizing organisms 


in the flora were partially involved. Stored 
tubes of substrate, in which resazurin had be- 
come partly oxidized, were still satisfactory for 
cellulose digestion. However, when oxidation 
was more extensive, as usual on storage of sub- 
strate for more than 14 days, cellulose digestion 
seldom occurred, even though the resazurin be- 
same reduced within 8 hr. after inoculation. 

When the usual amount of inoculum trans- 
ferred from actively cellulolytic cultures at 40° C. 
was diluted 10° times, cellulose digestion still 
was obtained. Although digestion then was 
slower (five days), it was as extensive as with 
the usual transfer. Presumably, carry-over of 
enzymes or nutrients from the previous culture 
was not involved. 

Frequent microscopic examination of cultures 
showed that, in the early stages of cellulose di- 
gestion, one morphological type predominated 
on and around the fibers, but that in from two 
to three days the types became more mixed. Al- 
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though cellulolytie activity of the cultures, as 
determined visually, remained relatively con- 
stant during the period of laboratory propaga- 
tion, there was some change in the types of 
dominant organisms. In the first two to four 
transfers, the organisms associated with cellu- 
lose fibers were predominantly thin rods. Later, 
short, plump elliptical rods were in the majority. 

After 3 mo. of propagation in the laboratory, 
and again after 10 mo., one culture was tested 
for cellulose digestion under modified in vivo 
conditions, using the technique of Fina et al. 
(1). Porcelain test tubes containing filter paper 
strips, and the substrate previously deseribed, 
were inoculated with the laboratory culture. The 
tubes then were placed in the rumen of a fistu- 
lated heifer. After four days, the filter paper 
was extensively digested. Microscopie examina- 
tion showed that the flora on partly digested 
fibers was more like that of the early propaga- 
tions from the original rumen inoculum, having 
a larger proportion of the thin rod forms. When 
transfer was made back into tubes in the labora- 
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tory, obvious cellulose digestion was obtained 
in trom one to two days. 
T. J. CLAYDON 
G. W. TERESA 
Departments of Dairy Husbandry 
and Bacteriology, 
Kansas State College, Manhattan 
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CORRECTION 
I. I. Peters et al., J. Dairy Sci., 42: 180. 1959. In Table 3, Fat “% should be 1.129. 
SNF was omitted and should be 2.264. 
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SURVEY OF DAIRY 


PRODUCTS-—JUDGING 


CONTESTANTS. 


Il. DAIRY INDUSTRY TRAINING IN RETROSPECT 


Committee on Judging Dairy Products, A.D.S.A. 
C. J. Bascock,’ L. R. Down, P. A. Downs, E. L. THomas, F. G. WARREN, 
J.J. WILLINGHAM, AND G. M. Trout, Chairman 


Former contestants in the Collegiate Students’ 
International Contest in the Judging of Dairy 
Products, most of whom majored in dairy in- 
dustry, were believed to be in an excellent posi- 
tion to give sound counsel about training and 
employment in the dairy industry. Accord- 
ingly, when a study was made of the vocations 
and salaries by Babeock et al., 1958 (1), 1958 
(2), of the 1,401 contestants from 1930 to 1956, 
inclusive, several questions about their relation- 
ship with the industry were put to them. The 
responses to these questions form the substance 
of this report. 
INVESTIGATION AND PROCEDURE 


SCOPE OF 


Questionnaires, returnable in an addressed, 
hallot-type envelope, were mailed to 1,037 for- 
mer contestants. Specific questions concerning 
their views about dairy industry training and 
their relationship with and attitude toward the 
dairy industry were asked. Approximately 
550% of the questionnaires were returned from 
every section of the United States and several 
foreign countries. Since the questionnaire was 
not keyed, and assurance was given that no at- 
tempt would be made toward identification, re- 
spondents were free in stating their reactions. 
The graduates responding represented about the 
same employment percentages within and with- 
out the dairy industry as reported previously 
(Babeock et al., 1958a). Hence, the sampling 
appeared to be very representative of the group 
as a whole. 

RESULTS 

For the most part, the respondents were gen- 
erous in answering the questions. Many, of 
course, did not answer all of them. The infor- 
mation obtained from 574 former dairy prod- 
nets—judging contestants, 396 employed within 
and 178 outside the dairy industry, has been 
summarized by specific questions as follows: 

“Why did you choose the dairy industry as a 
vocation?” Ninety-three per cent of the 396 
dairy-employed graduates responded to this 
question as contrasted to 69% of the 173 who 
were not now connected with the industry. The 
distribution of replies as to reason for choice of 
training of both groups is presented (Table 1). 

Unquestionably, whether presently employed 
in dairying or in other work, the student’s 
early background of work-association was the 


* Deceased. 
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TABLE 1 
Reasons why graduates chose dairy training 
Distribution 


General influence or reason of replies 


(No.) (%) 
Graduates employed in dairy industry 

Dairy background (farm or plant) 179 45.2 
Relatives, teachers, friends 68 17.2 
Stability of industry 62 15.7 
Liked the work and produets 35 8.8 
Opportunities 27 6.8 
Fate, circumstances 7 1.8 
Miscellaneous 7 1.8 
No response 11 2.8 
Total 396 =-100.1 


Graduates not employed in dairy industry 


Farm-reared or plant experience 46 26.6 
Liked the work and produets 21 12.1 
Stable industry 12 6.9 
Relatives, teachers, friends 11 6.4 
Belief in opportunities 10 8 
Did not major in dairy S 4.6 
Fate, indecision, circumstances 7 4.0 
Miscellaneous 4 2.3 
No response 54 31.2 

Total 173 99.9 


chief single factor which influenced the student 
to major in dairy industry. Relatives, teachers, 
and friends also had a marked influence on 
choice of training. An enjoyment of the work 
and products, and belief in the stability of the 
industry with the opportunities which it af- 
forded, likewise had a deciding effect on the 
student’s academic decision. Fate, indecision, 
circumstances, and miscellaneous influences 
seemed to have played a minor role in the stu- 
dent’s selection of the dairy industry curriculum. 

“What do you like most about the dairy in- 
dustry?” The responses to this question re- 
flected, in part, the present employment of the 
respondent. Only 9.3% of those now engaged 
in the dairy industry, as contrasted to 50.3% 
of those not presently associated with dairying, 
left this question unanswered. The percentage 
distribution of replies is given (Table 2). 

The data show that of the total 447 reasons, 
given by those presently employed in the dairy 


industry, for liking dairying, 362, or 81%, of 
them centered around five chief items. These 


15 
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TABLE 2 
Distribution of responses giving personal reasons 
for liking the dairy industry 
Distribution 


Reasons for liking dairy industry of responses 
(No.) (9%) 


Graduates employed in the dairy industry 


Job seeurity and stability of industry 111 24.8 

Satisfaction in working with world’s 
finest food 80 17.9 
Daily challenge of work 68 15.2 
Fine people in the dairy industry 57 12.8 
Progressive, ever-changing industry 46 10.3 
Variety of work and business 21 4.7 
Growing industry with opportunities 20 4.5 

Cleanliness associated with work and 
produets 10 2.2 
Management of dairy farms 8 1.8 
Quality program 5 2 
Respectability of industry 5 1.] 
Sales $ O09 
MisceHaneous 12 2.7 
Total 447 100.0 


Graduates not employed in the dairy industry 


(Associated with product essential to 


human nutrition 30 30.6 
Security and stability 12 12.2 
Sales 9 9.2 
Opportunities science, research, ete. Ss 8.2 
Livestock and production Ss 8.2 
People 7 7.1 
Challenge 7 7.1 
Diversification of industry 7 7.1 
Sanitation + 4.1 
Quality control + 4.1 
Miscellaneous 2 2.0 

Total 98 99.9 


were, in order, as follows: a) job security and 
stability; ») an essential food industry; c¢) 
daily challenge of work; d) fine people, and 
e) progressive, ever-changing industry. Inter- 
estingly, the 50.3% of those not associated with 
the dairy industry who responded gave about 
the same reasons as those presented above con- 
cerning their likes. 

Some comments made by individuals are 

worthy of note. These are: 

a) “The satisfaction you get in giving the 
publie something they need and want.” 

b) “The knowledge that our industry does 
more to enrich the health and welfare of 
all people, at a reasonable cost, than any 
other private enterprise.” 

c) “The feeling that we perform a necessary 
function to the community.” 

d) “The friendly ‘cut throat’ type of know- 
ing your competitors.” 

e) “There are so many wonderful people in 
the dairy industry.” 
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f) “The general ‘inherent goodness’ of the 
people in the industry.” 

g) “New windmills to tilt every day.” 

h) “Individuals one contacts are really in- 
teresting, from big ones to ‘little fellows’.” 


“The dairy industry means more to me 
than just a paycheck; it’s a challenge.” 
all of 





j) “It is never statie; conditions 
them—change constantly.” 


a 


“Steady business—daily turnover—no un- 
employment.” 

1) “Not very glamorous, but lots of hard 
work with plenty of challenges—no idle 
time to worry about petty problems.” 


“What special satisfactions have you found 
in dairy work?” Generally, those never, or no 
longer, employed in the dairy industry by- 
passed this question. However, the graduates 
presently connected with the dairy industry got 
many satisfactions from their employment. The 
large numbers who stated that dairy work fur- 
nished a challenge to them in one way or another 
were impressive. In toto, the responses reflected 
about the same attitude toward their specifie 
job as they did to the industry as a whole. A 
summation of the gratifications reported 
follows: 

a) Steady employment; security for family; 

unlimited opportunities; stable, yet ever- 
changing industry; sales constant. 


b) Above-average income. 


Clean, interesting, pleasant work; free- 
dom of movement in work about plant; 
never boring, dull, or routine; responsible, 
very diversified work. 

d) Personal, every-day challenges. 
Opportunity to perform a necessary and 
honest job; valuable asset to the economy 
of a community. 


Manufacturing desirable products from 
raw material; process and protect a qual- 
ity product of consumer demand; con- 
sumer satisfaction in dairy products. 


g¢) Association with high-caliber personnel; 
association with a lot of honest, sincere, 
hard-working dairymen; opportunity for 
interchange of information between dairy- 
men at conferences and conventions. 


Feeling of accomplishment; mental satis- 
faction in serving the public and fellow 
employees. 

i) Service contributes directly to the health 

of the nation. 

Many statements revealed the specific satis- 
factions gained by former contestants in dairy 
employment. Some of these were: 

a) “I always have the feeling I am doing 
something worth while and necessary.” 
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b) “Feeling of accomplishment and job sta- 
bility.” 
c) “You eat regularly.” 


d) “It is a challenge that brings out the best 
in a man. 

e) “I like it and am happy.” 

f) “It has been and is a wonderful 

life.” 


g) “It is my 


way ot 
life’s blood.” 
h) “I am my own ‘Boss’. 
| pe I may get so tired I can’t walk, but 
I’m never bored. There is no satisfaction 
like owning your own business, if you ean 
make it really function.” 


“What do you like about the dairy industry?” 
Twenty-one per cent of the graduates now en- 
gaged in the dairy industry either made no 
response to this question or had no dislikes in 
regard to the dairy industry. Of the nondairy- 
employed, 51% made no response. The dis- 
likes given are presented in Table 3. 

Of the total 385 reasons given by the dairy- 
employed graduates for disliking the industry, 
99, or 25.7% of them revolved around low 
salaries and slow promotion. This figure com- 
pares with 19.89 for the same reasons given 
by those graduates not employed in the dairy 
industry. The second most reeurring dislike, 
coming from both groups, concerned itself with 
the confining nature of the work and the work- 
ing conditions. In facet, this reason ranked fore- 
most among the nondairy-employed graduates. 

A seore or more of other reasons were ad- 
vanced by both groups as to why they disliked 
the dairy industry. While these individual dis- 
likes (presented in Table 3) undoubtedly are 
of deep concern to the ones making them, and 
are worthy of serious thought by dairy indus- 
trial leaders, percentagewise they were gener- 
ally of minority rating. 

“In what field have you found the greatest 
satisfaction?” The response to this question 
seemed to be shaded by the nature of the em- 
ployment. For example, the manager liked 
managership, the teacher teaching, and so on. 
But in every field, choices of areas of work 
seemed to be available. Data presented in 
Table 4 showed that a) management rated high 
among the areas yielding the greatest satisfae- 
tion, whether employment was within or with- 
out the industry. Among those connected with 
dairying, >) the manufacture of products rated 
second-choice, followed closely in order by c) 
supervision, d) sales, and e) working with em- 
ployees. Sales and supervision were second 
and third choices, respectively, for those em- 
ployed outside the dairy industry. 

“Do you feel you are making progress in 
Whether the former con- 
testants were currently employed in or out of 
the dairy industry, the response to this ques- 
tion was overwhelmingly in the affirmative 


your present job?” 


ASSOCIATION 


~] 
_ 
~) 


TABLE 3 
Distribution of responses giving personal reasons 
for disliking the dairy industry 


Distribution 


Reasons for disliking dairy industry of responses 


(No.) (9%) 
Graduates employed in the dairy industry 
Low salary and unfair wage seale 84 21.8 
Confining 82 21.3 
Lack of perspective within industry 35 9.1 
Unethical methods of some companies 32 8.3 
Government (state and federal) inter- 
ference and regulation 22 5.7 
Low profit margin 17 4.4 
Slow promotion 15 3.9 
No place for small operator 14 3.6 
Unfavorable working conditions 14 3.6 
Hard, demanding work 9 23 
Complacency, self-satisfied with the past 8 2.1 
Problems associated with labor 9 23 
Seasonal fluctuation in production and 
sales 7 1.8 
Lack of opportunity 6 1.6 
Miscellaneous 6 1.6 
Disconcern of industry toward sales 5 1.3 
Intense competition 4 1.0 
Lack of uniformity in regulations 4 1.0 
High perishability of products 3 0.8 
Re: tlessness and uncertainty with 
industry 3 0.8 
Lack of appreciation for quality 3 0.8 
Producer-distributor fights over price 3 0.8 
Total 385 99.9 


Graduates not employed in the dairy industry 


Long hours, confining 24 20.7 
Low salary, slow promotion 23 19.8 
Ruthlessness of business, high capital, 

‘*spread,’’ low prices 10 8.6 
Lack of vision of industry 8 6.9 
None 7 6.0 
Limited opportunities 6 5.2 
Union encroachment and poor labor 6 5.2 
Government regulations and 

diseriminatory laws 6 5.2 
Complacent, passive, poor selling, 

deeadent 6 5.2 
Slowness to change 5 4.3 


Miscellaneous (surplus, nonecooperation 
among producers, instability of 


prices, ete.) 5 4.3 
Working conditions 4 3.4 
Indifference to quality control 3 2.6 
Poor employer-labor relationship 3 2.6 

Total 116 100.0 


(Table 5). However, a higher percentage, 
90.7% compared to 80.3%, was noted in favor 
of those who remained in the field of their 
training. The percentage of those not respond- 
ing to this question was surprisingly small. 
This low nonresponse would seem to lend defi- 
nite confirmation to the employee’s conviction 
about his job. 
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TABLE 4 


Areas of employment in which contestants found 


the greatest vocational satisfaction 


Responses from those employed: 


In the Outside 
Field dairy the dairy Total 
suggested industry industry responses 
(No.) (%) (No.)(%) (No.) (%) 
Management 162 29.7 48 23.4 210 28.0 
Manufacture 
of products 96 17.6 18 8.8 114 15.2 
Supervision 79 «14.5 25 12.1 104 13.9 
Sales 68 12.5 30 14.6 98 13.1 
Working with 
employees 57 10.5 16 7.8 73 9.7 
Teaching 26 4.8 12 5.8 38 5.1 
Research 24 4.4 9 4.4 33 4.4 
Quality control 9 1.7 es iam 9 1.2 
Other 9 1.7 5 2.4 14 1.9 
No response 15 2.8 42 20.4 57 7.6 
Total 545 100.2 205 99.7 750 100.1 


“If you had your life to live over again, 
would you take dairying?” Unquestionably, 
the responses were affected, in part, by the 
nature of employment and by the respondent’s 
attitude toward and feeling of suecess in his 
job. Responses to this question are compiled 
in Table 6. 

Three hundred and twenty-eight of the 396 
respondents currently with the dairy industry, 
about 83%, had definite convictions about re- 
majoring in dairy manufactures if they had 
their lives to live over again. Of these 328, 
239, or 72.9%, would repeat the dairy industry 
major. On the other hand, those no longer 
associated with the dairy industry had a dif- 
ferent attitude. Approximately 75% of the 
173 respondents presently employed outside 
the dairy industry had definite “Yes” and “No” 
convictions on the subject. Of these 129, 87, 
or 67.4%, would not have remajored in the 
dairy industry curriculum. 

The percentage of those who were uncertain, 
or who questioned what they would have done 
again, was virtually the same for the two 


TABLE 5 
Distribution of former contestants as to their 
feeling of making progress in their 
present employment 


Distribution of 
former contestants 
now employed: 
Outside 
the dairy 
industry Combined 


Believe making In the 
progress in dairy 
their vocation industry 


(No.) (%) (No.) (%) (No.) (%) 


Yes 359 90.7 139 80.3 498 87.5 
No 29 7.3 9 5.2 38 6.7 
No response 8 2.0 > 14.5 33 5.8 


» 
Total 396 100.0 173 100.0 569 100.0 
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TABLE 6 
Distribution of former contestants as to their 
retrospective attitude toward remajoring 
in dairying 


Distribution of former contestants 
now employed: 

In the Outside 

dairy the dairy 

industry industry 


Response Combined 


(No.) (%) (No.)(%) (No.) (%) 


Yes 239 «60.4 42 24.3 281 49.4 
No 89 29.5 87 50.3 176 30.9 
Probably 21 5.3 13 7.5 3 6.0 
Question 1s 4.5 9 5.2 27 4.7 
Don’t know 7 1.8 1.2 9 1.6 
Doubtful 7 1.8 = 7 1.2 
Yes and no 8 2.0 2 1.2 10 1.8 
No response 7 1.8 18 10.4 25 4.4 

Total 396 100.1) 173 100.1 569 100.0 


groups. However, the percentage of nonre- 
spondents to this question was markedly higher 
in the nondairy- than in the dairy-employed 
group. 

Many and varied reasons were advanced for 
the negative reaction toward remajoring in dairy 
technology. In general, those not employed in 
the dairy industry felt that fields other than 
dairy offered more opportunities for advance- 
ment, money, appeal, prestige, and working 
conditions. 

One hundred and nine, or 27.5%, dairy-em- 
ployed respondents gave specific reasons why 
they would not seriously consider remajoring 
in dairying. In order of their recurrence, these 
reasons were: 

a) Other fields more appealing (med- 

icine, veterinary medicine, engi- 
neering, ete.) 28.4% 
b 


Not enough money for amount of 
work and hours, as compared to 
other industries 23.9 
¢) No chance for advancement, field 

limited, qualifications of dairy in- 

dustry graduates not recognized 

by industry 17.4 
d) Working conditions 11.0 
e) More courses needed in business 
administration, accounting, man- 


— 


agement. 8.3 
f) Take some dairy courses as a 
minor. 5.5 
g) Dairy industry declining (poor 
management ) oot 
h) Too confining 1.38 
100.0% 


“In case you are not presently employed in 
dairy work, why did you change to your pres- 
ent job?” Approximately 175 former contest- 
ants answered this question. The reasons given 
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for their nondairy employment were so varied 
as to make detailed tabulation difficult. Never- 
theless, the data were condensed and are pre- 
sented in Table 7. Several contestant graduates 


TABLE 7 
Reasons why former dairy products-judging 
contestants chose work outside of the 
dairy industry 


Distribution of 
former contestants 
as to reasons for 
choosing vocation 
other than some 
braneh of the dairy 


Explanation given industry 


(No.) (%) 

Greater opportunity elsewhere 39 22.0 
Too-low income 31 17.5 
World War IT and service 19 10.7 
Not a dairy major 15 8.5 
Undesirable working conditions 12 6.8 
Depression and no dairy jobs 10 5.6 
No future in dairy industry 8 4.5 
Family obligations 7 3.9 
Health 5 2.8 
Personal 4 2.3 
Slow advancement 4 2.3 
Circumstantial 3 1.7 
Miseellaneous 6 3.4 
No response 14 7.9 
Total 177 99.9 


found employment outside of the dairy industry 
for personal reasons. These reasons involved 
a) obligations to parents who left them a busi 
ness or farm to be operated, b) health, ¢) disa- 
bility, d) circumstantial, and so on. World War 
II, with armed services thereafter, brought about 
changes in vocation and industry separation 
which normally would not have oceurred. Sev- 
eral graduates were not dairy majors nor were 
ever employed in the dairy industry. Henee, 
they never switched out of the industry. So far 
as the dairy industry itself was a factor in the 
drop-outs, a high percentage of responses indi- 
cated that greater opportunities were to be 
found elsewhere and that salaries paid to them 
by the dairy industry were insufficient to sup- 
port a family. Slow advancement and undesir- 
able working conditions caused others to switeh 
into nondairy work. A few responses seemed to 
be of more than tabulating interest: 

a) “I found out you can’t take it with you, 
and decided I don’t have to make much 
money, so [ am just piddling on my own.” 

b 


“Because (name of company) wanted to 
move me around too much—lowa, Illinois, 
Michigan, Kentucky, and Texas in the 15 
years.” 


c) “I felt that the dairy industry did not 
want staff personnel. There is a tradi- 
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tional, excessive value placed on experi- 
ence (one year repeated several times).” 


“Has dairy products—judging training been 
of help to you in dairy industry employment?” 
To this question, 75.5% of the 396 dairy-em- 
ployed respondents replied favorably, 18.2% 
said “No,” and 6.3% made no response. Of 
the 173 nondairy-employed respondents, 35.3% 
said “Yes,” 17.3% “No,” and 47.4% made no 
comment. The reasons advanced were too many 
to enumerate. The gaining of self-confidence 
in recognizing and handling flavor problems as 
a result of this training was foremost. 

“Did dairy products judging materially help 
you, as a student, to know dairy products?” 
The response to this question, overwhelmingly 
in the affirmative, varied somewhat with the 
general area of employment. Of those in dairy- 
ing, 96.7% answered “Yes,” as compared to 
85.5% by those employed outside the industry. 
A relatively high percentage, 11.6% compared 
to 0.8%, of those no longer associated with 
dairying made no response. 

“Did dairy products—judging stimulate your 
desire to manufacture dairy products?” A bare 
majority of the respondents, 54.7%, said that 
the training and experience in judging dairy 
products did stimulate their desire to manu- 
facture dairy products. On the other hand, 
responded “No” to this question, pos- 
sibly indicating that interest in the processing 
and manufacture of dairy products could be 
stimulated more effectively by means other 
than training and experience in the judging 
of dairy products. The remainder made no 
response to this question. 

“What special benefits did you derive from 
participation in the Collegiate Students’ Inter- 
national Contest in the Judging of Dairy Prod- 
ucts?” Approximately 9% of the 569 former 
contestants did not respond to this question. 
The majority, however, embraced the oppor- 
tunity to tell what the contest had meant to 
them personally. Reading the individual per- 
sonal testimonies of the value of the contest 
experience to them, indeed would have brought 
a glow of satisfaction to all who in any way 
might have been involved in staging the Col- 
legiate Students’ International Contest in the 
Juazing of Dairy Products. He would have 
read repeatedly a) of tributes to individual 
coaches and industry leaders; )) of broadened 
horizons; ¢c) of life-long contacts; d) of future 
jobs; e) of changed personalities; and f) even 
of meeting ladies who, perchance, later were 
to become their wives. To make a statistie of 
each response was to rob the replies of their 





pat 
37.3% 


glamor and heartstrings. Nevertheless, their 
voluminous nature left no alternative but to 


attempt a tabulation (Table 8). 

Little may be added to enhance the value 
of the classification presented. Percentagewise, 
contacts made, industry leaders met, equipment 
show, and enlarged vision of industry ranked 
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TABLE 8 


Beneficial effects of participation in the collegiate 
students’ international contest in the judging 
of dairy products 


Benefiits derived from 


Contest experience Responses 


(No.) (9%) 


Contacts with other college men.......... 149 14.3 
See, hear, and meet leaders of 

STI itis Liclonicasascicicheeienienetanebinasdatadeiieoes 131 12.5 
Get a vision of the bigness of the 

NN III ccicsdcesnnschncsnssiiationnaiinionens 91 8.7 


Learn qualities of dairy products in 








various sections of the U.S 88 8.4 
Fine, wholesome, unforgettable 

experience of college days................ 80 A 
Personal challenge and spirit of 

NN ccantnihsdesicadtsncisishsienessssedseos 79 7.6 
See the dairy industry exposition........ 70 6.7 
Pleasant, enlightening trip with 

teammates and coael..................cccc008 65 6.2 
Winning of fellowships and oppor- 

tunities resulting from graduate 

SR ictiniaccns seven aacnepidcianiatine 55 5.3 
Gain confidence in making decisions.... 53 5.1 
Training and preparation for contest.. 40 3.8 
Personal satisfaction.....................cscesses. 32 3.1 
Recognition and publicity... dain: a 2.7 
Make contact for later employment.... 20 1.9 
I OY I oa ciccccnciccestatereastasenveses 19 1.8 
ne CO asta 13 1.2 
Pride in representing university.......... 9 0.9 
Become better acquainted with own 

team members and coach.................. 7 0.7 
Life-long ability to seleet and appre- 

ciate quality in dairy products........ 6 0.6 
Opportunity to diseuss products and 

problems with other college men...... 5 0.5 
Learning to be calm in making 

decisions under stress.............0...000.00- 5 0.5 

Total 1,045 100.2 


high. These benefits all might have been an- 
ticipated. Yet, it is doubtful if the contest 
administrators would have dreamed that learn- 
ing of qualities of dairy products in the dif- 
ferent sections of the United States would 
have rated so high in the minds of the con- 
testant graduates. Expectedly, seeing the dairy 
industry exposition rated high. Considering 
that the show was held every other year, only 
one-half of the contestants theoretically had 
the opportunity to view the equipment shown. 
Thus, multiplying the percentage responses by 
two would put this benefit in second place. 
Likewise, only about 6% of the 1,401 con- 
testants from 1930 to 1956, inclusive, received 
the dairy industrial fellowships. Again, multi- 
plying the percentage response to this item, 
5.3%, by the 1624 factor, gives a near-perfect 
response of 88%—a most gratifying testimony 
to the important role these fellowships are 
playing in the development of dairy industry 
leaders. 


Some comments made by individuals are of 
more-than-passing interest. They are: 


a) “It is an experience to be proud of and 
one whereby one gains from the know- 
how of national figures.” 

“Industry and academic adventure; luck 
as a scholarship winner enabled another 
year’s academic work and led to aequaint- 
ance of present employer.” 


b 


“It gave me confidence.” 


e 
d) “Contidence—knowledge—a sense of be- 
longing to a fine industry.” 

“I found out that I wasn’t as good as I 
thought I was.” 


f) “I was impressed with the scope and vision 
of the people in charge of the contest. It 
is wonderful to work in an industry where 
so many fine people are concerned with 
the younger generation and the future of 
dairying.” 

ew) “... This was a voluntary undertaking on 
the part of the faculty who was responsi- 
ble for the training. He is Dr. Guthrie 
and deserves a special thank-you from all 
of us who had the opportunity to be asso- 
ciated with him and trained by him.” 


J 


h) “ .. . Team companionship, long talks 
with the professor.” 

i) “Believe the benefit was largely one of an 
‘experience’—a chance to rub shoulders 
with other students, to gain an appreci- 
ation that many were interested in the 
field.” 

j) “Ll won a seholarship, and through the 
year of graduate work at . I got my 
M.Se. degree, my wife, and my job. This 
is a good bit.” 

k) “The results of my efforts created within 

me quite a feeling of humbleness!” 


1) “I learned the ‘art of tasting’ more or less 
as a hobby (I was not a manufactures 
major) and it has given me an appreci- 
ation of finer foods. This alone makes it 
worth while to me.” 

m) “It gave me some self-confidence that I 

needed badly at that time.” 

“Competitive spirit, which follows one 

through all walks of life.” 


n 


o) “... At Eastern States I was high man 
on the team. At Detroit | was low man. 
I learned that life has its ups and downs.” 


“Met notable men in the industry, as well 
as ny present employer.” 

q) “ .. . When I found I had made the 
judging team, I worked like hell.” 


p 


r) “Met my wife at the meeting. . . . Com- 
petition is good medicine.” 


s) “The thrill of being in a national contest 
to me is like being in a Rose Bowl game.” 
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t) “It helped to train me to work more effi- 
ciently under pressure; to make quick 
decisions.” 


u) “The realization that a good dairy prod- 
uct is good no matter where you are and 
that a bad product is bad wherever you 
are.” 

ie! Talks by industry leaders at the 
awards banquet filled me with admira- 
tion for and understanding of the total 
dairy industry.” 

w) “Receiving a scholarship which influenced 


my entire life’s vocation.” 


Merits of the Contest in the training of dairy 
industry students. About 90% of the respond- 
ents to the questionnaire made statements or 
wrote at length about the merits of the Colle- 
giate Students’ International Contest in the 
Judging of Dairy Products. Most of the state- 
ments were quite laudatory. Some pointed out 
that their flavor-training experience, climaxed 
by contest participation, so fixed quality stand- 
ards of dairy products in their minds that the 
information was useful daily. Many insisted 
that such training be a requirement in every 
dairy industry curriculum. On the other hand, 
very few held negative views about the contest. 
Justly, their remarks concerned some mechanies, 
rather than the contest itself, which, in large 
part, have long since been corrected. 

Typical of the comments were the following: 

a) “. . . They are in competition with the 
best of the nation’s dairy students and 
under the eyes of the cream of the dairy 
industry.” 

“Any student who is going to spend his 
life career in the dairy industry should 
consider the judging team competition as 
a ‘must’.” 

“All dairy technologists should know how 
to evaluate the four major dairy products 
and tell why they are good or bad.” 


b 


d) “Dairy training at the different universi- 
ties is dependent on the emphasis and in- 
terests of certain instructors.” 

e) “The contest is merely a crown of glory, 
climaxing months of intensive training, 
and inbues a sense of confidence regard- 
less of whether or not one finishes first 
or last.” 

f) “Keep the contest going and growing. I 

can name few things I reeall with more 

favorable memories or few things that 
have more certainly molded me as I am 
today.” 

“Taste evaluation is of great importance 

in the food business and the contest is 

an excellent stimulant in developing this 
ability.” 

“T think judging is essential for complete 

understanding of raw material production 
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and protection and consumer desires. The 
consumer is very fickle. Give him perfeet 
butter for 25 years and he tolerates you. 
Give him bad butter just once, and he is 
through with you for life.” 
“International Students’ Judging Contest 
and Dairy Industries Exposition is the 
‘Rose Bowl’ for Dairy Industry Students 
—it is both educational and inspirational.” 
“The judging contest is a high light and 
experience never to be forgotten.” 

“It is my sineere and conscientious belief 
that the dairy judging contest sponsored 
by the Dairy Industries Exposition is very 
essential in the training of students. It 
was a turning point in my life and I am 
quite sure to many other students.” 

“Tt was the high point of my college edu- 
cation.” 

“First of all it is an honor. It tends to 
sharpen one’s ability to decide. Coming 
to a correct decision is ever needed.” 
“Desire to win (competition) is one of 
two prime motivating forces. We need 
a lot of this force in business today. The 
judging contest affords and supports this 
need.” 

“The contest itself is a means to an end— 
The ‘end’ being more important than the 
‘means.’ The opportunity to get acquainted 
with leaders in the industry at the expo- 
sition, to listen to them talk, to learn of 
their problems and alternative solutions, 
and to hear day-to-day business ideas ex- 
pressed by such men is of great value in 
broadening the outlook of all dairy stu- 
dents.” 

“T feel that the competition stimulated is 
invaluable. You are taught to think and 
analyze before you act, a trait which is 
essential to any progressive dairyman.” 
“The dairy products judging contest gave 
me experience that could not have been 
gained in the classroom.” 

“T believe that the contest is one of the 
most fundamental projects that the Indus- 
try and Machinery Supplies have done 
to promote the training of dairy industry 
students.” 

“The contest is a broadening experience 
for any student.” 

“Any activity of this nature gives students 
confidence when going out into the field 
to seek employment.” 

“Attendance at Exposition, in Contest or 
not, gives one the feeling of belonging to 
a real industry—a mighty one.” 

“A definite necessity to broaden student 
thinking and make him feel a part of a 
closely knit industry.” 
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“This Contest should be continued at all 
costs, for it is, indeed, invaluable to the 
contestants.” 

“It is like advertising 
ure the results.” 


you can not meas- 


“IT believe the contest has merits sufficient 
to justify the Dairy Industries Exposition 
to continue the program, because the pro- 
gram gives the dairy student a feeling 
that the industry is interested in him and 
recognizes his efforts to obtain higher 
education.” 

“The contest, together with all its ramifi- 
cations, has been a prime factor in stand- 
ardizing terminology and methodology in 
the grading and evaluation of quality of 
dairy products in the United States.” 
“Valuable because of: /) meeting indus- 
try leaders; 2) visualizing scope and stat- 
ure of the industry, and 3) seeing new 
products, processes, and equipment.” 
“Participating in this contest should be 
one of the high lights of the college career. 
It affords two invaluable experiences to 
the student: He meets and competes with 
students from other schools engaged in 
similar vocational pursuits; it helps to 
materialize for him the feeling of belong- 
ing to a great industry; it helps the stu- 
dent to visualize the industry first-hand, 
rather than through the eyes of a col- 
lege professor or textbook.” 

“I feel that the contest is the finest ex- 
ample of Industry-University cooperation 
in existence today.” 

“The setting up of fellowships for grad- 
uate study is certainly a fine incentive 
for contestants. Those receiving the fel- 
lowships (I can speak from personal 
experience) benefit extremely from the 
contest. My coach states, ‘How can 
you yourself make a good product if 
you aren’t able to distinguish what is a 
good product?’ ” 


“T seriously doubt that the Contest and 


the Dairy Industries Exposition are of 
too much value to the average dairy in- 
dustry student, because so few actually get 
to attend them. If more of the students 
could attend, it would certainly give a 
much-needed stimulus in attracting stu- 
dents to the dairy field.” 

“Gives students confidence during transi- 
tion period immediately after college.” 
“Everyone at times needs a stimulus and 
this contest led to stimulating my interest 
in the industry. We all have a streak 
of competitive blood in us and this aided 
us in fulfilling this desire.” 


“It is by far one of the most enlightening 
events that I experienced in college and 
a ‘must’ for every student.” 
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“Any contest builds character if the indi- 
vidual has the basis on which to build.” 
“No dairy industry curriculum can_ be 
considered complete without an intensive 
and comprehensive course in products 
judging.” 

“It would be most difficult to put a dol- 
lar value on the ‘privilege’ of being in 
the contest. The opportunities presented 
beeause of the contest, the people that 
I have met because of the contest, are 
the things that have made the contest 
so valuable. The record will speak for the 
merits of the contest. Look at the men 
and study the good they are doing for 
the industry.” 

“T feel that every dairy student should 
take a course in judging of dairy prod- 
ucts and for that reason the International 
Contest has been responsible for the teach- 
ing and preparation that goes into this 
work.” 

“I personally heartily endorse the judg- 
ing contest as part of the training for 


dairy industry students. It might be 
called the ‘dessert’ of dairy industry 
training.” 


“There is no question in my mind that 
this contest is good! I feel participants 
in this contest are considered the cream 
ot the college crop by people in industry, 
and in colleges, for that matter. I did not 
necessarily feel that way as a student, but 
over a period of time I run 
many past contestants who have found a 
place and are filling responsible positions 
in the industry that I feel students are 
given a definite boost as a result of their 
participation.” 


aeross so 


“All dairy technologists should know how 
to evaluate the four major dairy products 
and tell why they are good or bad.” 


DISCUSSION 


This third paper in the survey series on the 
dairy products-judging contestants brings the 
study to an end. The previous papers dealt with 


vocations and total income therefrom. 


The in- 


formation compiled in the current paper, al- 
though as fundamental as that in the previous 


papers, is 


more abstract in nature. Neverthe- 


less, the results might well be more far-reaching 
and of greater influence both to the educational 
and commercial dairy interests than the infor- 
mation dealing with vocations and salaries. The 
personal, confidential opinions of trained dairy 
graduates, many having had upwards of 25 
vears of out-of-college experience, can not be 
considered lightly. 


As might be expected, some of the replies 


were 


graduate. 


tempered by the present vocation of the 
Regardless of employment, former 
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contestants generally were influenced to take 
dairy industry training by virtue of their 
farm, 4-H, or plant experience, and by rela- 
tives, teachers, and friends. For the most part, 
those now employed in the dairy industry 
would elect the dairy industry curriculum again 
if they could redo their collegiate lives. But 
those no longer connected with the industry did 
not hold the same opinion. The majority of 
hoth groups, however, seemed to be in general 
agreement concerning their opinions of the 
dairy industry as a whole. Job security, stable 
economy, essential-to-health industry, and fine 
people associated with the industry commanded 
the respect, virtually, of all. On the other hand, 
low salary, slow promotion, long hours, and ad- 
verse working conditions often dampened the 
enthusiasm of the graduate. 

Perhaps greatest satisfaction in their work 
came from management and working with peo- 
ple. Generally, the graduate felt he had made 
or was making progress in his job. The train- 
ing in judging dairy products was of direct 
benefit to him in more ways than one. Contest 
experience was widely acclaimed. That this 
experience begat confidence, sense of belonging 
to a grand industry, a life turning-point, defla- 
tion of ego, and clearer perspective was noted 
again and again among the generous responses. 
Perhaps to the committees involved, A.D.S.A. 
and D.1.S8.A. alike, the fine, unsolicited tributes 
of the former contestants concerning the worth- 
whileness of the Collegiate Students’ Interna- 
tional Contest in the Judging of Dairy Prod- 
ucts, and the leaders involved in shaping up 
the lives of young men, come nearer to touching 
responsive chords than any single item uncov- 
ered in this survey. 


SUMMARY 


Data 


55% 


from 574 questionnaires, representing 
of the 1,037 former dairy products—judg- 
ing contestants questionnaired, revealed that 
dairy work brought forth many satisfactions. 
Among them were: a) steady employment; b) 
above-average income; ¢) diversified work; 
d) personal challenges; e) performance of a 
necessary work; f) manufacturing desirable 
products; g) association with high-caliber per- 
sonnel; h) feeling of accomplishment, and 
i) contribution to the nation’s health and 
economy, 

Management, supervision, sales, and manu- 
facture of products led all other areas of em- 
ployment in yielding enjoyment of work. 

Greater opportunities elsewhere, too-low in- 
come, and World War II plus armed services 
chiefly influenced many graduates in changing 
to nondairy employment. 
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The five chief reasons given by the con- 
testant-graduates for liking the dairy industry 
were: a) job security and stability of industry; 
b) satisfaction in working with world’s finest 
food; ¢) daily challenge of work; d) fine people 
in the dairy industry, and e) progressive, ever- 
changing industry. Virtually all former con- 
testants, regardless of present employment, 
appeared to be conscious of comparatively low 
starting salaries, slow promotion, long hours, 
and confining work often associated with the 
dairy industry. 

Contestants chose undergraduate dairy indus- 
try training largely as a result of a dairy back- 
ground (farm or plant) and the influence of 
relatives, teachers, and friends. Three out of 
every four graduate-contestants presently em- 
ployed in the dairy industry unhesitatingly 
said they would remajor in dairy husbandry if 
they could live their collegiate lives over again. 

In retrospect, participation in the Collegiate 
Students’ International Contest in the Judging 
of Dairy Products, which meant a) represent- 
ing the university, b) seeing America, c) closer 
team-member and coach association, d) keen, 
healthy competition with rival collegians, e) 
meeting industry leaders, and f) envisioning a 
great industry, was the high-water mark of 
college days. Indeed, this experience exerted 
beneficially profound influences, not to be had 
elsewhere, upon the lives of those involved. 
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REPORTS OF THE PUBLIC HEALTH COMMITTEE 


L. A. Buack, Chairman 
Public Health Committee, Robert A. Taft Sanitary Engineering Center, 
4676 Columbia Parkway, Cincinnati, Ohio 


At the meetings in Stillwater, Oklahoma, the 
Board of Directors agreed to expand the activi- 
ties of the Public Health Liaison Committee to 
form a new Public Health Committee. This 
Committee will consider all types of problems 
in the dairy field which relate to publie health 
aspects of milk and milk products. A committee 
of 12 was organized into six task groups to deal 
with problems within the scope indicated by the 
Board; namely, antibiotics, disease prevention 
and control; chemical additives, sanitizers, and 
pesticides; dairy feeds, production, and equip- 
ment; hormones, protective antibodies, and tox- 
ins; milk regulations, sanitary practices and 
processes; and radiation. 

At the request of the American Dairy Science 
Association Program Committee, a symposium 


was arranged for the 1958 annual meeting on 
Antibiotics and Pesticides. These symposium 
papers were published in the January, 1959, 
JouRNAL. Although Committee membership was 
not completed until January, 1958, three re- 
ports by Committee members were presented to 
the Board of Directors at the June, 1958, an- 
nual meeting. These reports have been reviewed 
by all members of the Public Health Committee 
and were recommended for publication by the 
Board of Directors. Similar reports appraising 
eurrent knowledge and research, assessing new 
developments or evaluating changing practices 
or trends that may have public health implica- 
tions, will be prepared by task groups concerned 
in others areas. The three Committee reports 
follow. 


MILK REGULATIONS, SANITARY PRACTICES AND PROCESSES ! 


A. C. DAHLBERG 
Department of Dairy Industry, Cornell University, Ithaca, N. Y. 
AND 
F. E. Fenton 
Agricultural Marketing Service, USDA, Washington, D. C. 


In any committee activity on milk regula- 
tions, sanitary practices and processes, the field 
of these regulations should be outlined with re- 
spect to products and geographic areas. Such a 
general policy statement on sanitary regulations 
applicable to dairy farm and milk inspections is 
proposed in this report. 

In 1908, the Official Dairy Instructors’ As- 
sociation (American Dairy Science Association) 
developed one of the first dairy farm inspection 
forms used in this country. A federal law speci- 
fied that the inspection form used by the Fed- 
eral Food and Drug Administration on imported 
milk and fresh fluid products shall be recom 
mended by the U. S. Department of Agriculture 
with approval of the A.D.S.A. The old score 
form remained valid for several decades; a few 
years ago its revision by A.D.S.A. was _ re- 
quested by the USDA. This “Dairy Farm Score 
Card Revision” was approved by the A.D.S.A. 
(3) and was adopted by the USDA. 

Fluid Milk Sold in Retail Containers 

Sanitary regulations have been developed 
most extensively and universally for milk to be 

‘Report of the Subcommittee of the Publie 


Health Committee of the American Dairy Science 
Association. 


consumed in fluid form. In the early years, such 
regulations were formulated principally in the 
large cities, especially in the northeast portion 
of this country, because milk was of much 
public health significance in outbreaks of food 
poisoning and disease epidemics. Limited knowl- 
edge of sanitation and experience with milk as 
a public health problem caused wide variations 
in many phases of these local regulations. Soon 
the states established minimum milk sanitation 
standards to assure certain major essentials in 
local ordinances, it being recognized that most 
rapid advances in experience would be gained by 
trial and error in the many local municipalities. 

With advances in the sanitary control of milk 
supplies, improved milk quality, increased sci- 
entific and practical dairy experiences, better 
methods and facilities, there has been increased 
trade in milk among local areas and states ae- 
cording to the availability and needs for milk. 
To meet these developments, state laws on milk 
sanitation have been strengthened within states 
and made more uniform among states and cities. 
A very important factor in the unification and 
more rigid details in state laws on sanitation 
and in the local ordinances of cities and counties 
has been the Milk Ordinance and Code Recom- 
mended by the United States Public Health 
Service (4). It has been incorporated into the 
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ordinances and laws of more than half of the 
cities and states in this country. 

A more recent development is the provision 
in some state laws—California and New York— 
that the local municipalities must enforce the 
state law as such, except for details pertaining 
to local administration. 

Sound policy for the sanitary control of 
fluid packaged Grade A milk [whether under 
U.S.P.H.S. ordinance and code (4) or other- 
wise] should emphasize (1) uniform, strictly 
enforced requirements on the essentials of sani- 
tary milk production (less emphasis on facilities 
not needed for these essentials); (2) specific 
state laws giving these necessary requirements, 
and (3) enforcement at the local level with su- 
pervisory capacity exercised by the state; but, 
should local enforcement fail, the state tempo- 
rarily must assume the obligation of a delin- 
quent municipality. Certain fresh milk products 
should be included with Grade A milk, such as 
flavored milk drinks, cream, half and half, skim- 
milk, cultured milk, and any dairy ingredient 
used in preparing them. 

State laws are in foree now regarding fluid 
milk supplies, so that the problem involved is 
one of future development toward unification, 
accomplished by emphasis on essentials of sani- 
tary milk production. 

An example of good progress in the develop- 
ment of uniformity in regulations is the pre- 
dominating milk in each market, usually called 
Grade A. At the first conference on milk-grading 
in this country, called by the Health Commis- 
sioners of the District of Columbia in 1907, Dr. 
A. D. Melvin of the USDA proposed three 
classes of milk: Class 1, certified; Class 2, in- 
spected, and Class 3, pasteurized. In 1908, the 
Board of Health of the City of New York 
adopted five classes of milk and in 1910 re- 
organized its Commission on Milk Standards 
(1). It is reported by this Commission that on 
“January 4, 1912, the New York City Depart- 
ment of Health made an amendment to its sani- 
tary code providing a new classification of milk, 
as follows: Grade A, for infants and children; 
Grade B, for adults; Grade C, for cooking.” No 
bacterial standards were adopted for Grades B 
and C and the sale of raw milk was permitted 
in all grades. The Milk Commission in 1913 
adopted the plan of classifying all milk as 
Grade A, B, or C, and gave bacterial standards 
for all grades. In the following year, however, 
the sanitary code of the City of New York pub- 
lished the standards so common today—200,000 
for prepasteurized milk and 30,000 after pas- 
teurization and when delivered to the consumer 
(6). There is no reference in any of these pub- 
lications to the public health safety or whole- 
someness of milk as the basis for these bacterial 
counts, but the Grade A standards were estab- 
lished sufficiently high to assure wholesome milk 
at all times. Comparison of milk grades with 
grading of wheat, fruit. and beef (1) indicates 
that the grades were not necessarily for public 


health only. The practicability of a standard of 
200,000 for raw milk was established in 1915 
(2) by a comparative study of the bacterial 
counts of split samples of raw milks to deter- 
mine significant differences in counts that could 
be verified with reasonable agreement in several 
laboratories. Thus, the four cooperating labora- 
tories usually obtained counts below 200,000 on 
the same milk samples, which placed them in 
the best grade of milk. Then, in 1924, the 
U.S.P.H.S. in its first “Standard Milk Ordi- 
nance” adopted this same grade and bacterial 
standards (4); with the series of revised recom- 
mendatious of subsequent years, this has aided 
greatly in the extension of these standards with- 
out material modification. Today more accurate 
work can be done; however, the 200,000 standard 
has met the test of time in reference to milk 
quality in both publie health and commerce. 
Therefore, these common bacterial standards for 
the predominating class of milk in each market 
should not be made more rigid, except as indus- 
try performance through improved facilities and 
practices makes them obsolete. 


Milk for Manufacture 


There appears to be no special activity de- 
veloped by the A.D.S.A. on the sanitary pro- 
duction of milk for manufacture. The USDA 
has been concerned about such a program and 
the F.D.A. enforces certain aspects of the pure 
food laws on manufacturing milk. Also, some 
segments of the dairy industry have their own 
sanitation and quality programs. 

It is well to point out that the sanitation or- 
dinances of municipalities and the laws of states 
vary much more on milk for manufacture than 
on packaged milk for fluid consumption. Many 
cities and states have no, or very meager, regu- 
lations on milk for manufacture. In a very few 
areas, Grade A requirements apply to milk used 
in certain manufactured milk products. 

The question has been raised on many occa- 
sions as to one sanitation and quality standard 
for all milk, irrespective of its use. There can 
be no doubt about the desirability of one sani- 
tation standard, but it is a problem for the 
future, even though downward revisions were 
to be made in some of today’s Grade A milk 
regulations. Some persons consider certain de- 
tails to be nonessential, but they are probably 
useful locally in the control of sanitary milk 
production and processing. 

The current practical problem is not whether 
there can be one sanitation standard for milk 
for all uses, but whether one standard can be 
applied to Grade A milk and another to all milk 
for manufacture. Ice cream may be used as 
an example of the problems involved. Regula- 
tions in a few areas specify that it must be 
manufactured from Grade A milk and its prod- 
ucts under local inspection. Generally, this 
means increased costs of some dairy ingredients 
in comparison with costs in other areas. If local 
supplies are ample, fresh milk and cream 





726 JOURNAL OF 


sources are used, but when in short supply milk 
fat must be obtained from distant sources which, 
during deficit times, may not be available as 
inspected cream. Hence, cream or butter of 
good quality from uninspected sources of pro- 
duction might be used. It may be difficult to 
detend the position that high-quality butter is 
wholesome, but that ice cream containing but- 
ter of similar quality is a health hazard. The 
same problem will exist with respect to addi- 
tional milk solids-not-fat. Also, costs and avail- 
ability of supplies are involved. In normal 
times, there may not be enough Grade A milk 
and milk products available for all ice cream in 
all seasons. It appears, therefore, that regula- 
tions on milk used for manufacturing dairy 
products should be based upon product quality, 
clean and sanitary conditions, and inspection of 
farm and plant facilities. Such regulations may 
be adapted best to good commercial practice on 
a national basis, with good effects upon prod- 
uct quality and the public health. 

Regulations adapted for the highest quality 
of manufactured milk products should include 
farm and plant inspections. Costs of production 
may be increased sufficiently to affect competi- 
tion for such products as butter and cured 
cheese. On the other hand, one might ask seri- 
ously whether the dairy industry would not be 
improved by the exclusion of uninspected low- 
grade milk produced for manufacture under 
conditions not compatible with sanitary stand- 
ards developed specifically for high-quality milk 
for manutacture. 

Considered on a national basis for all milk 
products, there seems to be no choice but to 
develop dairy farm and plant requirements, 
platform inspections, and quality standards to 
produce milk and cream for manufacture which 
represent minimums for an acceptable whole- 
some food. It was on this basis that the USDA 
developed its minimum specifications (5). Even 
such minimum requirements for all products 
probably will exclude considerable milk from 
some large areas producing milk for manufac- 
ture unless its quality and conditions of pro- 
duction and processing are improved; other- 
wise, the specifications will be too low to be of 
value. On the other hand, such minimum re- 
quirements will be too low to be of value in 
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some markets where the quality of milk for 
manufacture and the sanitary conditions of pro- 
duction and processing approach Grade A re- 
quirements in the essentials of sanitation and 
quality control. States with much milk for man- 
ufacture produced under little sanitary control 
might adopt minimum specifications, whereas 
some states would find additional requirements 
necessary to assure maintenance or advancement 
in the high quality of dairy products now on the 
market in their localities. This permits gradual 
advancement, but it does allow an unfortunate 
variety in state regulations at a time when uni- 
formity is very important. 

In such an effort to advance the quality of 
milk for manufacture on a national basis, one 
might expect leadership from such organiza- 
tions as the U. S. Public Health Service, the 
U. S. Department of Agriculture, the Inter- 
national Association of Milk and Food Sanitar- 
ians, the American Dairy Science Association, 
and others of accepted standing. The task is 
difficult and progress to date has been slow and 
regional. 
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DAIRY FEEDS AND DRUG ADDITIVES AS RELATED TO 
CATTLE EFFICIENCY AND PUBLIC HEALTH ! 


C. F. HurrmMan 
Department of Dairy, Michigan State University, East Lansing 


* Report of the Public Health Committee of the 
American Dairy Seience Association for 1958. 

An outstanding observation in recent years 
has been in the identification of a toxie gas, 


nitrogen dioxide, which may be produced in the 
early stages of silage-making. The real impetus 
toward the recognition of the seriousness of toxic 
effect of this gas in silage-making came in 1955, 
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when farmers in different parts of the country 
were hospitalized due to a mysterious pulmo- 
nary illness that could not be related to any 
known disease. In all cases, the men became 
violently ill, with coughing and shortness of 
breath, after going into a silo soon after filling 
with either corn or legume forage. In some 
cases, irritating fumes and even a yellowish- 
brown gas were observed in the silo chute or 
above the silage at the time the men entered the 
The first report on two such cases was 
made by Delaney et al. (5) in April, 1956. A 
careful and systematic study of the patients, 
and the report on the production of nitrogen 
dioxide in silos, led to the conclusion that the 
illnesses were similar to those caused by nitrogen 
dioxide poisoning. Other cases have been re- 
ported, several of which were fatal. All these 
cases have been reported in detail with respeet 
both to clinical and to laboratory findings. Ill- 
ness caused by exposure to nitrogen dioxide gas 
in silos is now designated by medical men as 
silo-filler’s disease or chemical pneumonia. 

The literature on this subject was reviewed 
by Peterson et al. (11) in February, 1958. These 
investigators made silage with various treat- 
ments. The addition of sodium nitrate usually 
increased the production of nitrogen dioxide, 
whereas chloroform and toluene prevented its 
formation and sodium bisulfite reduced the 
amount. The data indicate that bacteria rather 
than plant enzymes are responsible for the for- 
mation of the nitrogen oxides. 

It has been known for many years that cattle 
suffer from nitrate poisoning when they con- 
sume feeds high in nitrates. The ramen microbes 
reduce nitrate to nitrite which is absorbed and 
reacts with the hemoglobin of the blood. This 
reaction decreases the capacity of hemoglobin to 
absorb oxygen and the animal dies of asphyxia. 

The farmer should not only be aware of the 
dangers of nitrogen dioxide poisoning in man 
and nitrate poisoning in cattle, but also should 
realize the danger that results from the aceumu- 
lation of carbon dioxide in silos. This latter com- 
pound is not only a deadly poison to man but 
is colorless and nonirritating. The danger that 
results from these toxic compounds formed in 
silage is of short duration, however, and usually 
lasts for only 1 or 2 wk. (16). 
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Drug Additives 


There is a trend toward a greater use of medi- 
cated feeds in the ration of dairy cattle, with 
the intent of reducing incidence of disease and/ 
or increasing growth and milk production. Then, 
too, the licking or eating of oils and grease from 
cans and farm machinery may result in a disease 
known as hyperkeratosis (X-disease). This sub- 
ject was recently reviewed (&). Classical detec- 
tive work by several laboratories showed that 
the toxie principal was due to the presence of 
highly chlorinated naphthalene compounds in 
some oils and greases. Oil companies and feed 
manufacturers acquainted with this story are 


now doing what they can to keep the damaging 
compounds away from livestock and livestock 
feeds. 

Phenothiazine is the most common effective 
anthelmintic (kills intestinal parasites) known 
for cattle. When administered to milking cows, 
a pinkish color appears in the milk. For many 
years, phenothiazine has been added at low 
levels to the ration of sheep to control internal 
parasites. Recent work indicates that internal 
parasites may be a lot more common in dairy 
‘attle than heretofore believed. The addition of 
phenothiazine or other anthelmintic compounds 
to the ration of dry dairy cattle may become 
commonplace, Dairymen, however, should be in- 
formed of the dangers of the improper use of 
phenothiazine. It should not be given to sick, 
feverish, physically weak, undernourished, or 
very young animals. Pregnant cows should not 
be treated within 30 days of calving. Ellison and 
Todd (4) reviewed the literature concerning 
phenothiazine toxicity in cattle. Toxicity symp- 
toms include constipation, weakness in hind 
quarters, lowered body temperature, photosen- 
sitization keratitis, prostration, coma, and death. 
Considerable oxidation of the drug occurred in 
the rumen of calves (weighing from 150 to 
525 |b.). 

There are many insecticides that are added to 
feed, used as barn sprays, or applied externally 
to animals, but only a few new compounds will 
be discussed. 

Dow ET-57 (Trolene) is an organie phospho- 
rus compound used for the control of cattle 
grubs. The adults of cattle grubs are flies which 
deposit eggs on the hair of the legs, flank, tail, 
and even the back. These eggs hatch in from two 
to six days. The young grubs migrate down the 
hair and penetrate the skin at the point where 
the eggs were deposited. They spend 5 mo. 
migrating throughout the animal’s body in the 
connective tissue, but finally migrate to the loin 
(back) region, where they become encysted and 
obtain oxygen through a hole in the skin, and 
remain there for from 50 to 60 days. When they 
have reached full growth, the grubs erupt 
through the skin and drop to the ground, where 
they pupate under manure, straw, or other pro- 
tective covering until spring, when the adult fly 
emerges. 

Raun and Herrick (13) reviewed the litera- 
ture pertaining to the development of Dow ET- 
57 for the control of grubs. Although the 
experiments were carried out with beef cattle, 
the results apply to nonlactating dairy cattle. 
The insecticide was given in doses of 100 mg/kg 
ot body weight as a bolus or as a drench 2 to 3 
mo. before the grubs were due to emerge through 
the skin. Toxicity tests showed that there were 
no signs of poisoning apparent in treated ani- 
mals at this level of intake. 

Systox is a mixture of an emulsifying agent 
and Dementon, formulated to contain 21.2% by 
weight of a mixture of the thiono- and thiol- 
isomers of Dementon. Dahm and Jacobson (2) 





investigated the effect of feeding a low tech- 
nical grade of Dementon in capsules for three 
consecutive days at the rate of 0.1, 0.5, and 2.5 
mg/kg of body weight. The cow exhibited severe 
symptoms of organie phosphate poisoning, and 
milk production dropped sharply. When systox- 
treated hay containing an average residue of 
51 p.p.m. of Dementon was fed to the same cow 
in inereasing amounts for 49 days, mildly ad- 
verse effects on body weight and red blood cell 
cholinesterase activity were observed. There 
was no effect on the health of three cows when 
fed 41 p.p.m. of systox-treated hay for 56 days, 
but red blood cell cholinesterase activity de- 
creased gradually during the last 6 wk. of 
feeding. 

A large number of pesticides are applied to 
various crops fed to dairy eattle, to increase 
yields of forages. The effect of feeding either 
the chemical compounds or forages that had 
been sprayed with them was reviewed recently 
by Radeleff et al. (12). Feed grains also may be 
fumigated with pesticides. Possible residues are 
of interest from an animal health standpoint. 
This subject was recently reviewed by Sykes et 
al. (15). 

Rumen Microbes and Pesticides 


Cook (1) tested the effect of rumen microbes 
on several pesticides by the use of the artificial 
rumen in vitro. Fresh rumen fluids from a cow 
fed a high-alfalfa, and from a cow fed a high- 
grain, ration were used on a number of organo- 
phosphate pesticides, as measured by an anti- 
cholinesterase method. Parathion, Paraoxon, 
Chlorthion, and EPN disappeared rapidly from 
the rumen, but EPN did not disappear from the 
rumen fluid from the cow fed a _ high-grain 
ration. All of the compounds that disappeared 
rapidly were p-nitrophenol derivatives, whereas 
the others were different derivatives. Malathion 
and, possibly, Phosdrin were affected in 24 hr.; 
Depterex, Diazinon, Hereules AC-528, and Sys- 
tox appeared to be unaffected. Boiled rumen 
fluid had essentially no effect on the compounds 
tested. 

Cook (1) coneluded that the in vitro experi- 
ments explained, to some extent, why large 
amounts of Parathion can be fed to cows, 
whereas they tolerate less Systox. The rumen 
fluid activity attacks some of the thione com- 
pounds and does not attack any of the thiol com- 
pounds. Metealf and March (10) reported that 
Parathion from three different manufacturers 
contained an impurity identified as the S-ethyl 
thiol-isomer. It varied from 4 to 20% of the 
total. A variation as great as this may account, 
to some extent, for the apparent differences in 
toxicity of Parathion to the goat as compared to 
the cow. 


Feeding of Antibiotics to Dairy Cattle 


The first experimental work which indicated 
that the feeding of antibiotics to calves aided in 
growth and reduced the incidence of scours was 
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reported in 1950. Since that time, many workers 
have confirmed the earlier findings, so that at 
the present time most milk replacers and calf 
starters contain an antibiotic. Thus far, only 
two antibiotics, Aureomycin and Terramycin, 
have proved to be of value in calf nutrition. 
This subject was reviewed by Lassiter (7). 

In several short-time experiments, the feeding 
ot antibiotics to milking cows did not appear to 
be of value. Recently, however, the Food and 
Drug Administration approved the feeding of 
Aureomyein to milking cows at the rate of 0.1 
mg. per pound of body weight. Approval was 
based on the control of the following diseases : 

a. An aid in reducing bacterial diarrhea in 

dairy cattle 

b. An aid in the prevention of foot rot 

ce. An aid in reducing the incidence of respira- 

tory disease. 


No claim is made for increased milk production 
other than would naturally occur from eradica- 
tion of the above diseases. 

Claims have been made that the addition of 
Aureomycin or Terramycin to the ration of cat- 
tle is fairly effective in the prevention of ship- 
ping fever. 

No doubt, other antibiotics will eventually be 
used in the feed of milking cows, to lessen dis- 
ease and increase growth and milk production. 

Penicillin has been approved as a feed additive 
for the prevention of bloat when cows are on 
pasture. Several investigators have studied the 
effect of feeding procaine-penicillin in the salt 
or mixed with grain before cows are turned to 
pasture. This subject was recently reviewed at 
the Conference on Rumen Function (9). The 
results have been variable, but all trials show 
some lessening of the incident of bloat. In a 
field trial with dairy cattle, Emery et al. (5) re- 
ported that the incidence of bloat was reduced 
by a factor of about two-thirds by feeding 100 
mg. of procaine-penicillin per cow per day, 
either with the grain or: in the salt on a free- 
choice basis. The efficiency of the treatment ap- 
peared to decrease as the season progressed. A 
marked reduction in milk production often oe- 
curred for several days after feeding 400 mg. of 
procaine-penicillin. This depression in milk 
production may also be accompanied by loss of 
appetite and other symptoms, including dis- 
charge at the nostrils and hyperemia of the 
vaginal mucosa. All symptoms disappeared 
within a few days and milk production returned 
to normal, although penicillin feeding was con- 
tinued. A large number of cows was used in 
this experiment. 

Johns et al. (6) of New Zealand regularly fed 
up to 200 mg. of penicillin per day per cow 
without any detrimental effects on appetite or 
milk production, and it was effective in control- 
ling bloat. Penicillin did not appear in the milk 
in measurable quantities. A large number of 
cows was used in this investigation. 


On the first day of feeding 100 mg. of penieil- 
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lin, Smith and Emery (14) showed that consider- 
able amounts of the drug remained in the rumen 
contents at + hr. after feeding. After 3 wk. of 
feeding 100 mg. of penicillin daily, no penicillin 
remained in rumen ingesta 3 hr. after feeding. 
The rapid destruction in the rumen with time 
may explain why penicillin-feeding is effective 
in the control of bloat at first and then becomes 
ineffective later. These findings may also explain 
the absence of penicillin in milk following large 
oral doses. 
Tranquilizers 

Several of the tranquilizers used in human 
medicine are being fed experimentally as sup- 
plements to dairy cattle rations, in an attempt 
to increase milk production by reducing activity 
or excitement. The action of rumen microbes on 
these compounds is not known. 


Some Problems in Use of Drugs in Feeds 


As has been pointed out in connection with 
certain pesticides and penicillin, drugs in feeds 
may be destroyed or changed to other com- 
pounds in the rumen. The end-products of 
rumen fermentation may be toxie to the animal 
and/or pass into the tissues or milk. This points 
out the need for methods for the determination 
of these end-products. 

In toxicity studies with drugs, experiments of 
long-time duration are desirable to insure safety. 
The possibility of placental transfer of these 
drugs needs to be checked to insure against re- 
productive failure and weak calves at birth. 

Usually, toxicity experiments with pesticides 
are carried out with cattle in good condition and 
free from disease. Yet these compounds are fed 
to animals suffering from nutritional deficiencies 
and diseases of various kinds. Certainly, the 
drugs should be tested on emaciated cattle as 
well as normal ones, to insure a wide margin of 
safety. 
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3-A SANITARY STANDARDS FOR DAIRY EQUIPMENT! 


C. A, ABELE 
The Diversey Corporation, 1820 Roscoe St., Chicago, Illinois 


In the course of the past 11 yr., the 3-A Sani- 
tary Standards Committees have adopted 18 3-A 
Sanitary Standards (16 of which have been 
published), and three 3-A Recommended Meth- 
ods or Accepted Practices (two of which have 


* Report of the Public Health Committee of the 
American Dairy Seience Association for 1958. 


been published). These sanitary standards are 
published in the Journal of Milk and Food Tech- 
nology, and reprints are available. 

The published 3-A Sanitary Standards which 
pertain to milk-processing or handling equip- 
ment normally found only in dairy plants in- 
clude those applying to storage tanks, weigh- 
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eans and receiving tanks, homogenizers and high- 
pressure pumps, filters, plate-type and tubular 
heat exchangers, batch pasteurizer leak-protector 
valves, and evaporators and vacuum pans. The 
two published directions—3-A Standard Method 
for Determining the Holding Time of High- 
Temperature Short-Time Pasteurizers by the 
Salt Conductivity Test, and 3-A Suggested 
Method for Installation and Cleaning of Clean- 
ing-in-place Sanitary Pipe Lines—also apply to 
dairy plant equipment. 

The two published 3-A Sanitary Standards 
which apply solely to dairy farm equipment are 
for ecan-type strainers and for bulk-milk cooling 
tanks. The one unpublished sanitary standard 
affecting milk production applies to portable 
bucket-type milking machines. 

Milk is currently being handled on dairy 
farms in such volumes, and so increasingly me- 
ehanically, that sanitary standards which ini- 
tially pertained to equipment employed solely 
in dairy plants, now apply both to plant and to 
dairy farm equipment. Examples are the 3-A 
Sanitary Standards pertaining to rotary pumps, 
automotive transport and pick-up tanks, elec- 
tric motors, fittings used on equipment and on 
sanitary piping, thermometer fittings, and inter- 
nal return tubular heat exchangers. 

One 3-A Sanitary Standard applies to manual 
bulk-milk dispensers, from which milk is sold 
directly to consumers in places where food is 
served. 

Probably the most detailed sanitary standard 
ever undertaken has been the 3-A Accepted 
Practice for the Installation, Testing, Opera- 
tion, and Cleaning of Plate-type High-Tempera- 
ture, Short-Time Pasteurizers, which has been 
in the process of formulation for 5 yr., and 
undergoing refinement for nearly 2 yr. It should 
be printed soon. 

The applications of sanitary standards now 
being formulated include the following types of 
equipment or arrangements of equipment for 
dairy plants: Air under pressure, ice cream 
freezers, ice cream package fillers, cottage cheese 
package fillers, batch pasteurizers, separators 
and clarifiers and dry milk processing equip- 
ment; for dairy farms: method for installation 
and cleaning-in-place of milker pipelines; and 
at points of sale: automatic bulk-milk vending 
machines. 
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Encouraging progress is also being made to- 
ward the development of specifications and eri- 
teria which rubber and rubber-like materials 
must meet in specified applications in dairy 
equipment. Equally encouraging progress is 
being made in the development of criteria which 
plastic materials, intended for use in dairy 
equipment, must meet. 

The memberships of professional organiza- 
tions are quite intertwined. A considerable num- 
ber of those participating in the activities of the 
3-A Sanitary Standards Committees have also 
been active in the affairs of, or are members 
of, the American Dairy Science Association 
(A.D.S.A.). But, they have not represented 
themselves to be, nor were they recognized as, 
spokesmen for the A.D.S.A. Since April, 1957, 
however, the A.D.S.A. has been represented at 
the two meetings of the 3-A Sanitary Standards 
Committees by J. G. Leeder, of Rutgers Univer- 
sity, New Brunswick, N. J., and J. R. Brunner, 
of Michigan State University, East Lansing, 
Mich. 

The impact upon the public health of these 
activities of the 3-A Sanitary Standards Com- 
mittees is an elusive intangible. With respect 
to metals having milk contact surfaces, the 3-A 
Sanitary Standards merely fix as the standard 
those which have been and would be used by 
most or all of the equipment fabricators. It is 
in the realm of new products, however, such as 
the great variety of plastics, that the 3-A Sani- 
tary Standards Committees, by virtue of the 
universal acceptance of and guidance by 3-A 
Sanitary Standards, is in position to become 
an extremely important force in the protection 
ot the public health. By insisting that such ma- 
terials meet F. and D. A. nontoxicity require- 
ments, and withstand conventional washing and 
bactericidal treatments without loss of chemical 
components or physical deterioration, to be ap- 
proved for use in dairy equipment, the Commit- 
tees are performing a public health function, the 
value of which will rarely, if ever, be appraised. 

Addenda: The 3-A Sanitary Standards for Port- 
able and Stationary, Suspended or Floor-Type, Pail 
or Cow-to-Can Milking Machines were adopted May 
22, 1958, and will be published soon in the Journal 
of Milk and Food Technology. 

Dr. J. R. Brunner, Michigan State University, 
served again as liaison between the A.D.S.A. and 
the 3-A Sanitary Standards Committees. 
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FIFTY-PFOURTH ANNUAL MEETING 


OF THE 


AMERICAN DAIRY SCIENCE ASSOCIATION 


UNIVERSITY OF ILLINOIS 
URBANA 


JUNE 15-17, 1959 


PROGRAM COMMITTEE 


F. J. Bape, Indiana, Chairman N. L. Jacospson, Iowa 
D. V. JOSEPHSON, Pennsylvania, Ex Officio L. A. JOHNSON, Michigan 
B. H. Wess, New York G. W. Sacissury, [llinois 


GENERAL PROGRAM 


Friday, June 12 


Meeting of Executive Board Committees, Allerton House, Monticello 


Saturday, June 13 


9:00 a.m. Meeting of Executive Board, Allerton House, Monticello 


Sunda une 14 
9:00 a.m.—12:00 Mo. . y J 


Meeting of Executive Board, Allerton House, Monticello 


9:00 a.m.—10 :00 Pp. M. 
Registration, Garner House Lounge, Gregory Drive Residence Halls 


8:00p.m. Informal Get-Together, Gregory Drive Residence Halls 


5 00-6 :00 p.m. Monday, June 15 


Program Sponsored by Association’s Education Committee 
Gregory Hall, Room 112 


5:30p.M. Past Presidents’ Dinner, Garner House Private Dining Room 
Gregory Drive Residence Halls 
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7:30p.m. Entertainment. K. E. Garpnrr, Professor of Nutrition, Dairy 
Science, University of Illinois, Presiding. 
Gymnastic Exhibition, Huff Gymnasium 
9:00 p.m. Piano Concert, Jacques ABRAM, University Auditorium 
9:30 p.m. Ballroom Dancing, Illini Union Ballroom 
9:30 p.m. Teenage Mixer and Variety Show, Illini Union Commons 


Tuesda une 16 
10:15 a.m—-12:15 P.M. %J 


General Business Session of Association, K. L. Turk, Chairman, 
University Auditorium 
Comments of Welcome, Dr. Davin ID). Henry, President, 


University of Illinois 


4:30-6:00 p.m. Student Affiliates and Faculty Advisers’ Meeting 
Gregory Hall, Room 100 


5:00 p.m. Joint Journal Management and Editorial Board Meeting 
Animal Sciences Laboratory, Room 341 


8:00 p.m. Recognition Program and Presentation of Awards 


University Auditorium 


Wednesda une 17 
8:00 a.u.—12:00 mu. J 


See Section Programs and 


1:00-3:00 P.M. 
Women’s and Children’s Programs 


MANUFACTURING SECTION 


Monday, June 15 


x 


30-11 :15 a.m. 
Sections A anp B. Milk Proteins Symposium 
Gregory Hall, Room 112 


11:30 a.m.—12 :00 M. 
MANUFACTURING SECTION BUSINESS MEETING 
Gregory Hall, Room 112 
1:30-3:30 p.m. 
Section A. Market Milk 
Gregory Hall, Room 112 


Section B. Dairy Chemistry, Butter 
Gregory Hall, Room 100 
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3:45-4:45 p.m. 
MANUFACTURING SECTION BusINESS MEETING 
Gregory Hall, Room 112 
5:00-6:00 P.M. 
PROGRAM SPONSORED BY ASSOCIATION’S EDUCATION COMMITTEE 
Gregory Hall, Room 112 


8:30-10:00 a.m. Tuesday, June 16 


Section A. Tests for Milk Constituents 
Gregory Hall, Room 112 

Section B. Cheese Chemistry 
Gregory Hall, Room 100 


10:15 a.m.—12:15 p.m. 
GENERAL BUSINESS SESSION OF ASSOCIATION 
University Auditorium 
1:45-4:30 p.m. 
Section A. Milk Fat 
Gregory Hall, Room 112 


Section B. Dairy Bacteriology 
Gregory Hall, Room 100 


4:30-6:00 P.M. 
STUDENT AFFILIATES AND FacuLty ADVISERS’ MEETING 
Gregory Hall, Room 100 


8:30-11:30 a.m. Wednesday, June 17 


Section A. Cheese 
Gregory Hall, Ruom 112 
8:30-10:30 a.m. 
Section B. Concentrated and Dried Milks 
Gregory Hall, Room 100 


8:00-9:30 A.M. 
JOINT WITH EXTENSION SECTION 
Automation in Dairy Cattle Feeding 
South Lineoln Avenue Barns 
10:00 a.m.—12 :00 Mm. 
JOINT WITH EXTENSION SECTION 
Automation on Dairy Farms 
Mumford Hall, Rooms 422-30 
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1:00-3:00 p.m. 
Sections A anp B. Cottage Cheese Symposium 


Gregory Hall, Room 112 


PRODUCTION SECTION 


Monday, June 15 
8:00-11:00 a.m. ‘ J 
Section A. Rumen Physiology 
Animal Sciences Laboratory, Room 135 
Section B. Milk Secretion 
Bevier Hall, Room 180 


11:00 a.m.—12 :00 Mo. 
PRODUCTION SECTION BuSINESS MEETING 
Animal Sciences Laboratory, Room 135 


1:00-5:00 P.M. 
Section A. Invitational Paper: Critical Features of Good 


Dairy Feeding Experiments 
Animal Sciences Laboratory, Room 135 


Calf Nutrition 
Animal Sciences Laboratory, Room 135 


Section B. Genetics 
Bevier Hall, Room 180 


5 :00-6 :00 P.M. 
JOINT WITH EXTENSION SECTION 
Joint Committee Reports 
(See Extension Section ) 
Animal Sciences Laboratory, Room 135 
PROGRAM SPONSORED BY ASSOCIATION’S EDUCATION COMMITTEE 


Gregory Hall, Room 112 


8 00-10 :00 a.m. Tan. pee 
Section A. General Physiology 
Animal Sciences Laboratory, Room 135 
Section B. Silage and Pasture 
Bevier Hall, Room 180 


10:15 a.m.—-12:15 p.m. 
GENERAL BUSINESS SESSION OF ASSOCIATION 


University Auditorium 
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2 :00—4 :30 P.M. 
SECTION A. JOINT WITH EXTENSION SECTION 
Symposium: Estimating the Energy Value of Feeds 
Animal Sciences Laboratory, Room 135 


Section B. Reproductive Physiology 
Bevier Hall, Room 180 


4 :30—5 :30 P.M. 
JOINT WITH EXTENSION SECTION 
MEETING OF SUPERINTENDENTS OF OFFICIAL TESTING 
(See Extension Section ) 


Mumford Hall, Room 103 


+ :30-6 :00 P.M. 
STUDENT AFFILIATES AND FacuLty ADVISERS’ MEETING 
Gregory Hall, Room 100 


8:00 a.m.—12 :00 m. Wednesday, June 17 


Section A. General Nutrition and Management 
Animal Sciences Laboratory, Room 135 
Section B. Reproductive Physiology 
Bevier Hall, Room 180 


1 :00—3 :00 P.M. 
JOINT WITH EXTENSION SECTION 
Symposium: Improving Dairy Cattle by Breeding 


Animal Sciences Laboratory, Room 135 


EXTENSION SECTION 


8 00-10 :30 A.M. Monday, June 15 


Dairy Records 
Mumford Hall, Rooms 422-30 


10 :30 a.m.-12:00 mM. 
EXTENSION SECTION BusINESS MEETING 
Mumford Hall, Rooms 422-30 


1 :30—4 :30 p.m. 
Teaching Methods and Presentation of Exhibits 
Mumford Hall, Rooms 422-30 


~] 


vl 








736 JOURNAL OF DAIRY SCIENCE 


5 :00—6 :00 PLM. 
JOINT WITH PRODUCTION SECTION 
Joint Committee Reports 
Animal Sciences Laboratory, Room 135 
PROGRAM SPONSORED BY ASSOCIATION’S EpuCATION COMMITTEE 
Gregory Hall, Room 112 


8 :00—10 :00 a.m. Tusstay, June 16 


4-H Program: Relationship of Feeding Levels and 
Growth to Production 


Mumford Hall, Rooms 422-30 
10:15 a.m.-12 :15 P.M. 
GENERAL BUSINESS SESSION OF ASSOCIATION 
University Auditorium 
2 :00—4 :30 P.M. 
JOINT WITH PRODUCTION SECTION 


to 


Symposium: Estimating the Energy Value of Feeds 
Animal Sciences Laboratory, Room 135 
4 :30—5 :30 P.M. 
JOINT WITH PRODUCTION SECTION 
MEETING OF SUPERINTENDENTS OF OFFICIAL TESTING 
Mumford Hall, Room 103 


a 


:30—6 :00 P.M. 
STUDENT AFFILIATES AND FacuutTy ADVISERS’ MEETING 
Gregory Hall, Room 100 


8 00-9 :30 a.m. Wednesday, June 17 


JOINT WITH MANUFACTURING SECTION 
Automation in Dairy Cattle Feeding 


South Lineoln Avenue Barns 


1( 


_ 


00 a.M.—12 :00 M. 
JOINT WITH MANUFACTURING SECTION 
Automation on Dairy Farms 


Mumford Hall, Rooms 422-30 


:00-3 :00 P.M. 
JOINT WITH PRODUCTION SECTION 


Symposium: Improving Dairy Cattle by Breeding 


Animal Sciences Laboratory, Room 135 
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ENTERTAINMENT 


GENERAL PROGRAM 
Sunday, June 14 8:00 p.m.—Informal Get-Together 
Gregory Drive Residence Halls 
Monday, June 15 5:30 p.m.—Past Presidents’ Dinner 
Gregory Drive Residence Halls 
7 :30 p.m.—Gymnastic Exhibition, Huff Gymnasium 
9:00 p.m.—Piano Concert, Jacques ABRAM, 
University Auditorium 
9:30 p.m.—-Ballroom Dancing, Illini Union 
Ballroom 
9:30 p.w.—Teenage Mixer and Variety Show, 
[lini Union Commons 
Tuesday, June 16 8 :00 p.a.—Recognition Program and Presentation 
of Awards 
University Auditorium 


WOMEN’S PROGRAM 


Monday, June 15 9:30 a.mM.—Hospitality Coffee 
to 10:30 a.m. Gregory Drive Residence Halls 
1:00 p.m.—Luncheon and Entertainment 
to 4:00p.m. Illini Union Ballrooin 
7:30 p.m..—Gymnastic Exhibition, Huff Gymnasium 
9:00 p.m.—Piano Concert, Jacques ABRAM, 
University Auditorium 
9:30 p.m.—Ballroom Dancing, Illini Union 
Ballroom 
Tuesday, June 16 9:00 A.M. 
to 11:30 a.m.—Campus Tours and Demonstrations 
2 :30 p.w.—Tea, Home of President and Mrs. 
to 4:30p.m. David D. Henry, 711 W. Florida 
Avenue, Urbana 
8:00 p.m.—Recognition Program and Presentation 
of Awards 
University Auditorium 
Wednesday, June 17 9:00 a.m.—Campus Tours and Coffee Hour 
to 12:00 m. Gregory Drive Residence Halls Lounge 


CHILDREN’S PROGRAM 
(See Separate Program ) 
Children 3-5 Years* 
Monday, June 15 9:00 a.m.—Supervised Care, Universalist- 
to 11:30 a.m. Unitarian Chureh 


* Children who have not yet entered first grade. 
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12 :30 p.m.—Supervised Care, Universalist- 
to 4:30p.m. Unitarian Church 
Tuesday, June 16 8 :30 a.m.—Supervised Care, Universalist- 
to11:30 a.m. Unitarian Chureh 
1:30 p.m.—Supervised Care, Universalist- 
to 4:30 p.m. Unitarian Church 
Wednesday, June 17 9:00 a.m.—Supervised Care, Universalist- 
to 11:30 a.m. Unitarian Church 
Children 6 Years and Older 
Monday, June 15 9:30 a.mM.—Recreation and Picnic 
to 1:00pm. Illini Grove 
1:00 PLM. 
to 4:30 p.«.—Swimming and Recreation 
7:30 p.m.—Gymnastic Exhibition, Huff Gymnasium 
9:00 p.m..—Piano Concert, Jacques ABRAM, 
University Auditorium 
% :30 p.m.—Teenage Mixer and Variety Show, 
IHini Union Commons 
Tuesday, June 16 9 :30 a.M. 
to 11:30 a.m._-Campus Tour 
1:00 P.M. 
to 4:30 p.m.—Swimming and Recreation 
7:30 p.mM.—Variety Program (children 12 years 
to 10:00 p.m. and older), Lower Gym, English Bldg. 
Wednesday, June 17 9:30 a.m.—Visit to Natural History Museum 


8 :30 a.m.—-11:15 a.m. 


to 11:30 a.m. 


MANUFACTURING SECTION 


Monday, June 15 
Sections A anp B. Milk Proteins Symposium 
Stuart Parron, Chairman 


Gregory Hall, Room 112 


Invited Papers: 


M1. 


The effect of temperature on protein-protein interactions in milk and milk 
protein systems. QUENTIN VAN WINKLE, Ohio State University. 

The structure of kappa-casein and its interaction with alpha-casein. D. F. 
Wauen, Massachusetts Institute of Technology. 


rn] 


Preparation of calcium-sensitive alpha-casein. C. A. ZrrrLe, Eastern 


Utilization Research and Development Division, USDA, Philadelphia. 
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The effect of homogenization upon the fat-protein interaction in milk. 
K. K. Fox, Jean E. Cana, Virernta H. HousinGer, anp M. J. PALLANSCH, 
Eastern Utilization Research and Development Division, USDA, Wash- 
ington, D. C. 

Characteristics of the adsorbed proteins on the homogenized milk fat- 
globule. R. H. Jackson AND J. R. BRUNNER, Michigan Agricultural Ex- 
periment Station. 

Changes in milk proteins accompanying the growth of psychrophilic bac- 
teria as determined by paper electrophoresis. J. D. SKEAN AND W. W. 
Overcast, Tennessee Agricultural Experiment Station. 

Protein complex formation in evaporated milk. J. C. TRAUTMAN AND 
A. M. Swanson, University of Wisconsin. 

Characterization of milk serum protein component 5. ROBERT JENNESS, 
University of Minnesota. 


11:00 a.m.—12 :00 m. 


MANUFACTURING SECTION BUSINESS MEETING 
B. H. Wess, Chairman 
Gregory Hall, Room 112 


1 :30—3 :30 P.M. 


M7. 


M8. 


M9. 


M10. 


M11. 


M12. 


M13. 


Section A. Market Milk 

Burpet HEINEMANN, Chairman 

Gregory Hall, Room 112 
The effect of steam injection and vacuum treatment on the flavor of milk. 
W. F. Supe, Cornell University. 


The effect of steam injection and vacuum treatment on the bacterial qual- 
ity of milk stored for 7 and 14 days at 40° F. and 50° F. G. V. Gupnason, 
W. F. Suipe, anp R. F. Houuanp, Cornell University. 


The removal of feed flavors from milk by vacuum-pasteurization. J. D. 
Wynn anv J. R. BRuNNER, Michigan Agricultural Experiment Station. 


The consumer acceptance of milk beverages as affected by fat and solids- 
not-fat content. J. W. Stuti anp J. S. HitumMan, University of Arizona. 


Effect of the development of oxidized flavor on the polyunsaturated fatty 
acids of milk lipids. L. M. SmirnH anp W. L. DuNKLEy, University of 
California. 

The role of a chelating compound in the inhibition of oxidized flavor. 
R. L. Kine anp W. L. DuNKLEY, University of California. 


‘ 


Dihydroquereetin as an antioxidant for milk. G. A. RicHARDSON AND 
D. R. Erickson, Oregon State College. 
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M14. 


1 :30-: 


M15. 


M16. 


M17. 


M18. 


M19. 


M20. 


M21. 


M22. 
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Removal of Sr*® and Ca* from milk by means of ion exchange resins. 
D. G. Easterzy, B. J. Demorr, ano R. G. CraGie, University of Tennessee 
and UT-AEC Agricultural Research Laboratory, Oak Ridge. 


3:30 P.M. 


Section B. Dairy Chemistry, Butter 

Sruart Parron, Chairman 

Gregory Hall, Room 100 
A partial differentiation of the esterases of milk. T. L. Forster, M. W. 
MoNnTGOMERY, AND H. A. BENDIXEN, Washington Agricultural Experi- 
ment Station. 
Some observations on lipase activity. B. L. HerrRiIN@ToN aNp E. S. GutH- 
RIE, Cornell University. 
Effect of penicillin and aureomycin upon the phosphatase enzyme system 
of milk. C. V. Morr, Ohio State University. 
Differences in the viscosity and voluminosity of centrifuge sediments from 
milk due to suspending medium and to sediment fraction. C. H. WaItnau 
AND R. Bassetre, Kansas State College. 
A quantitative test for carrageenin ester sulphate in milk. P. M. T. Han- 
SEN AND R. McL. Wuirtney, University of Illinois. 
Chromatographie determination of sugars in ice cream. T. C. CHou AND 
JoserH Tosias, University of [linois. 
Specifications for the spreadability of butter. R. R. Rret, Dairy Tech- 
nology Research Institute, Ottawa, Canada. 
The hardness and spreadability of butter as affected by edible additives. 
J. J. Berscuer, T. KRistOFFERSEN, AND |. A. GouLp, Ohio Agricultural 
Experiment Station and Ohio State University. 


3:45-4:45 p.m. 


MANUFACTURING SECTION BUSINESS MEETING 
B. H. Wess, Chairman 
Gregory Hall, Room 112 


5 :00—6 :00 P.M. 


8 :30-10 :00 a.m. 
Section A. Tests for Milk Constituents 
B. H. Wess, Chairman 
Gregory Hall, Room 112 


PROGRAM SPONSORED BY ASSOCIATION’S EDUCATION COMMITTEE 
J. T. Lazar, Jr., Chairman 
Gregory Hall, Room 112 


Tuesday, June 16 
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M23. A solids-not-fat test for milk using density plastic beads as hydrometers. 
N. 8S. GoLprinea, State College of Washington. 

M24. Test for evaluating the milk plasma phase of whole milk. W. A. KrrENKE, 
Florida Agricultural Experiment Station. 

M25. An improved procedure for the determination of milk proteins by dye 
binding. U. S. AsHwortH, State College of Washington. 

M26. A direct titrimetric method employing a silver electrode for estimating 
the chloride content of cow’s milk. D. H. Kuryn anp B. L. HERRINGTON, 
Cornell University. 


= 
— 
N 

~ 


Photometrie determination of fat in milk. G. H. HauGaarp anp J. D. 
PeTTINATI, National Dairy Products Corporation, Oakdale, New York. 
M28. Photometric fat test for ice cream mix. J. D. Pertinati AND G. H. Hav- 
GAARD, National Dairy Products Corporation, Oakdale, New York. 


8 :30-10 :00 a.m. 
Section B. Cheese Chemistry 
Stuart Parron, Chairman 
Gregory Hall, Room 100 
M29. Oxidation-reduction measurements on Cheddar cheese. T. KRISTOFFERSEN 
AND I. A. Gounp, Ohio State University. 
M30. Crystalline rennin in Cheddar cheese manufacture. P. M. LINKLATER AND 
C. A. Ernstrom, University of Wisconsin. 
M31. Coagulation of milk for cheese-making by ester hydrolysis. D. D. DEANE 
AND E. G. Hammonpn, lowa State College. 
M32. Formation of carbonyls during ripening of Limburger cheese. S. L. 
Tuckry, JOHN CoLMEY, AND Yasuo Azuma, University of Illinois. 
M33. Ultrasonic energy attenuation in Cheddar cheese and the effect of ultra- 
sound on the ripening process. A. FEDERER AND W. C. WINDER, University 
of Wisconsin. 


10:15 a.m.—12 :15 p.m. 
GENERAL BUSINESS SESSION OF ASSOCIATION 
K. L. Turk, Chairman 
University Auditorium 


1 :45-4 :30 P.M. 
Section A. Milk Fat 
Stuart Parron, Chairman 
Gregory Hall, Room 112 
M34. Correlation between the iodine and thiocyanogen numbers of milk fat. 
V. N. Kruxovsky, R. A. Puace, 8. R. TooLe, anp R. W. Watson, JR., 
Cornell University. 
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M35. 


M36. 


M37. 


M38. 


M39. 


M40. 


M41. 


M42. 


M43. 


M44. 
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The monoglyceride content of butter. R. G. JENSEN AND A. H. DuTHIRE, 
Storrs Agricultural Experiment Station, Connecticut. 

Molecular distillation characteristics of butterfat, other food fats and 
mixtures of butterfat, and other food fats. E. H. SANDER aNp E. W. Biro, 
Iowa State College. 

Colorimetric determination of fat in milk and the saponification number 
of a fat by the hydroxamie acid reaction. IRA Katz, Mark KEENEY, AND 
RicHarD Basserre, University of Maryland. 

Free butyric, caproic, and caprylic acid production during lipolysis. 
W. J. Harper anp |. A. Gouup, Ohio Agricultural Experiment Station 
and Ohio State University. 

Isolation and characterization of phospholipids from dried whole milk 
and dried buttermilk. 8S. M. Husaini, H. W. Sprecuer, anp A. M. Swan- 
son, University of Wisconsin. 

A new and simple method of estimating the phosphatide content of milk 
lipids. G. R. GREENBANK AND M. J. PaLLANscu, Eastern Utilization Re- 
search and Development Division, USDA, Washington, D. C. 

The migration of the phosphatides in the processing of dairy products. 
G. R. GREENBANK AND M. J. PaLuaNnscn, Eastern Utilization Research 
and Development Division, USDA, Washington, D. C. 

The lipids of the fat-globule membrane of bovine milk. M. P. THompson, 
M. Stine, Michigan Agricultural Experiment 


‘ 


J. R. BRUNNER, AND C. 
Station. 

An improved centrifugal test for fat stability applied to evaporated miik— 
estimation of homogenizer performance and fat stability in storage. 
S. J. Pearce, Carnation Company, Van Nuys, California. 

The development of a high efficiency homogenizer valve. C. C. Loo, Car- 
nation Company, Van Nuys, California. 


1:45-4:30 P.M. 


M45. 


M46. 


M47. 


Section B. Dairy Bacteriology 

Burpet HEINEMANN, Chairman 

Gregory Hall, Room 100 
Relative cleanability of various stainless steel finishes. O. W. KAurFMANN, 
T. I. Heprick, I. J. Prtue, C. G. Poem, ann R. A. Kerpever, Michigan 
State University. 
Extent of psychrophilic bacterial growth in manufacturing grade bulk- 
tank milk. W. S. LAGRANGE AnD F. E. Newson, Iowa Agricultural Ex- 
periment Station. 


Lipolytic yeasts in ice cream from dairy farms. E. R. Garrison, Arkansas 


Agricultural Experiment Station. 





| 




















M43. 


M49. 


M50. 


M53. 


M54. 


M55. 
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A temperature for the pasteurization of milk with no intended holding 
time. L. D. Wirrer anp Joseru Toptas, University of Illinois. 


A direct microscopic method for detecting antibiotic activity in milk. 
BK. J. Liska, Florida Agricultural Experiment Station. 


Interaction among pure strains of lactic streptococci isolated from mul- 
tiple strain cheese starters. V. W. GREENE, Southwestern Louisiana 
Institute. 


A study of potential causes of culture failures in cheese factories. W. K. 
MoseLey anp R. L. Winstow, W. K. Moseley Laboratory, Indianapolis, 
Indiana. 

A simple method for eliminating and controlling bacteriophage in laetie 
starters. R. E. Harcrove, Eastern Utilization Research and Development 
Division, USDA, Washington, D. C. 

Propagation of lactic starter cultures in sterile canned skimmilk. H. K. 
ZIMMERMAN AND J. B. MANN, Carnation Company, Van Nuys, California. 
Further studies of the continuous propagation of lactic cultures. B. J. 
Liska, E. L. Fours, anp H. H. Witkowske, University of Florida. 

A storage study of a lyophilized and a frozen lactic culture. G. H. Ricu- 
ARDSON AND H. E. Cacpert, University of Wisconsin. 


4+ :30—-6 :00 P.M. 


8 :30-11 :30 a.m. 


M56. 


a 
=_— 
>) | 
~~! 


MDS. 


M59. 


STUDENT AFFILIATES AND Facutty ADVISERS’ MEETING 
W. W. Snyper, Chairman 
Gregory Hall, Room 100 


Wednesday, June 17 


Section A. Cheese 

Burpbet HEINEMANN, Chairman 

Gregory Hall, Room 112 
New type pasteurizing, deodorizing, and concentrating equipment for use 
in cheese manufacture. F. P. Hanranan, H. E. Water, anp A. M. Sap- 
LER, Eastern Utilization Research and Development Division, USDA, 
Washington, D. C. 
Effect of modification of composition on the firmness of pasteurized proe- 
ess cheese spread. N. F. OLSON anp W. V. Price, University of Wisconsin. 
Studies dealing with the manufacture and ripening of cheese made from 
reconstituted milk. I. I. Perers, Texas Agricultural Experiment Station. 
An examination of commercial low-heat nonfat milk powder supplied for 
manufacture of cottage cheese. H. E. RANDOLPH AND T. KRISTOFFERSEN, 
Ohio Agricultural Experiment Station. 
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M60. Studies on the application of lyophilization to cheese products: I. Some 
observations on the characteristics and stability of freeze-dehydrated 
Cheddar, brick, Munster, blue, cream, and cottage cheese R. I. MEYER AND 
Louis JoKay, Quartermaster Food and Container Institute for the Armed 
Forces, Chicago, Illinois. 

M61. Studies on the application of lyophilization to cheese products. II. The 
development of a freeze-dehydrated creamed cottage cheese. Louis JOKAY 
AND R. I. Meyer, Quartermaster Food and Container Institute for the 
Armed Forces, Chicago, Illinois. 

M62. Some observations on freezing and thawing phenomena on the attainment 
of a satisfactory frozen creamed cottage cheese. A. H. Risuor, J. M. 
RIEKENS, AND R. I. Meyer, Quartermaster Food and Container Insti- 
stute for the Armed Forces, Chicago, [linois. 

M63. Lactic acid content of cottage cheese. W. J. Harper anp H. E. Ranpoupn, 
Ohio Agricultural Experiment Station and Ohio State University. 

M64. A method for improving the flavor of creamed cottage cheese. D. W. 

I 
MATHER AND F. J. BaBet, Purdue University. 

M65. Influence of a special creaming mixture on the keeping quality of creamed 
cottage cheese. F. J. BABEL AND D. W. Maruer, Purdue University. 

M66. The effect of early lactation skimmilk in making cottage cheese and cul- 
tures. L. O. Lugpecke, L. G. Harmon, anp J. R. BruNNeER, Michigan 
State University. 

M67. A study of the microbial flora of cottage cheese during storage. W. W. 
OVERCAST AND J. V. Brirron, Tennessee Agricultural Experiment Station. 


8 :30-10 :30 a.m. 
Section B. Concentrated and Dried Milks 
B. H. Wess, Chairman 
Gregory Hall, Room 100 


M68. A method to improve the storage life of frozen concentrated milk. D. R. 
Braatz AND W. C. Winper, University of Wisconsin. 

M69. A study of the effect of variations in the initial viscosity of HTST steri- 
lized evaporated milk at the time of aseptic homogenization and subse- 
quent gelling in storage. L. F. EpmMonpson, Eastern Utilization Research 
and Development Division, USDA, Washington, D. C. 

M70. Viscosity studies of concentrated milk, sterilized by the ultra-high-tempera- 
ture short-time process. H. K. Winson anp E. O. Herren, University of 
I}linois. 

M71. A study of factors related to the storage stability of foam-dried whole milk. 
ARJEN TamsmMa, M. J. PALLANSCH, AND T. J. Mucua, Eastern Utilization 
Research and Development Division, USDA, Washington, D. C. 
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M72. The effects of variations in processing methods on the **free-fat’’ and dis- 
persibility of whole milk powder. E. REINKE AND J. R. BRUNNER, Michigan 
Agricultural Experiment Station. 

M73. The effect of preheat treatments applied separately to cream and skim- 
milk on the cooked and oxidized flavors in dry whole milk. C. H. Amunp- 
SON AND A. M. Swanson, University of Wisconsin. 

M74. Some volatile carbonyls of stale dry whole milk. O. W. Parks, N. P. Wone, 

AND Stuart Parton, Pennsylvania State University. 

A solid in-package oxygen absorbent and its use in dry milk products. 

W. P. Jackson anpb C. C. Loo, Carnation Company, Van Nuys, California. 


tow 
— 
~] 
>) | 


M76. Factors affecting the visual method of detecting antibiotics in milk. K. M. 


SHAHANI, University of Nebraska. 


8 :00-9 :30 a.m. 
JOINT WITH EXTENSION SECTION 
Automation in Dairy Cattle Feeding 
South Lincoln Avenue Barns 


10 :00 a.m.—12 :00 mM. 
JOINT WITH EXTENSION SECTION 
(See Extension Section ) 
Automation on Dairy Farms 
C. W. Nrisuer, Chairman 
Mumford Hall, Rooms 422-30 


1 :00—3 :00 P.m. 
Section A anp B. Cottage Cheese Symposium 
Burpet HEINEMANN, Chairman 
Gregory Hall, Room 112 


Invited Papers: 
Cottage cheese starters. F. J. BaBpeL, Purdue University. 
Recent advances in the manufacture of cottage cheese. W. V. PRICE, 
University of Wisconsin. 
Keeping quality of cottage cheese. N. C. 
Company, St. Louis, Missouri. 
Factors affecting the yield of cottage cheese. W. A. Corpes, National 


ANGEVINE, Meyer-Blanke 


Dairy Products Corporation, New York, New York. 


PRODUCTION SECTION 


8 00-11 :00 a.m. Monday, June 15 


Section A. Rumen Physiology 
N. L. Jacosson, Chairman 
Animal Sciences Laboratory, Room 135 
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P3. 


P4. 


5 :00- 


P14. 


PIs. 
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‘*Galactomannanase’’ activity of rumen bacteria. P. P. WILLIAMS AND 
R. N. Doerscu, University of Maryland. 

Factors affecting the composition of rumen gas. R. G. Kina@wini, R. A. 
OpPERMANN, W. O. NELSON, AND R. E. Brown, University of Illinois. 


In vivo rumen methanogenesis from labeled substrates. R. A. OPPERMANN, 


W. O. Neutson, anp R. E. Brown, University of Illinois. 

Studies on amylolysis in the bovine rumen. P. J. Provost anp R. N. 
DoetscH, University of Maryland. 

The effect of minor changes in the ingredient composition of the ration on 
rumen microbial activity. D. W. CLayroo, anp D. R. Jacosson, Univer- 
sity of Kentucky. 

Continuous culture for studying mixed rumen microorganisms. D. G. 
STEWART AND R. G. WarNeER, Cornell University. 

The effect of concentration on the absorption of volatile fatty acids from 
the perfused rumen. J. R. Stausus, R. E. Brown, C. L. Davis, anp W. O. 
Neuson, University of Illinois. 


~ 


Rumen metabolism of I'*!-labeled soybean oil. R. S. ALLEN, E. G. Ham- 


MOND, N. L. JACOBSON, AND F. D. Hin, lowa State College. 

Investigation of the oxidation-reduction potential of rumen contents. R. L. 
BALDWIN AND R.S. Emery, Michigan State University. 

Methemoglobin and total hemoglobin values in bloated cattle. C. L. Moore 
nD A. E. Dracy, South Dakota State College. 

The carotid arterial blood pressure changes in bloated cattle. C. L. Moore, 
South Dakota State College. 

Effect of bovine saliva and plant mucin on frothing rumen contents in 
alfalfa bloat. H. H. Van Horn, Jr. anp E. E. Bartiey, Kansas State 
College. 

Roughage capacity and efficiency of feed utilization in dairy cattle. J. B. 
Stone, G. W. Trimpercer, C. R. HENDERSON, AND K. L. Turk, Cornell 


University. 


11:00 a.m. 
Section B. Milk Secretion 

G. W. TRIMBERGER, Chairman 

Bevier Hall, Room 180 
The use of twin efficiency values to measure differences in lactating twins. 
A. C. Linnerup, J. B. Winutams, anp J. D. Donker, University of 
Minnesota. 


Solids-not-fat content of the milk of Holstein, Jersey and Sindhi-Jersey 
cows in a Louisiana herd. J. L. Fuercner, USDA, Iberia Livestock Ex- 


periment Station, Jeanerette, Louisiana. 

















P16. 


P17. 


P18. 


Pic: 


P20. 


P2i. 


P25. 
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The effect of state of lactation on antibody production to Brucella antigen. 
H. Srrauss, W. E. PETERSEN, AND B. CAMPBELL, University of Minnesota. 
The relationship between antibody production in the lactating cow and 
the time interval between subsequent intramammary infusions. H. Strruss, 
W. E. PETERSEN, AND B. CAMPBELL, University of Minnesota. 
Maintenance, proliferation, and biosynthesis of milk constituents by mam- 
mary cells in tissue culture. K. E. EBNeR anp B. L. Larson, University 
of Illinois. 

Biochemical characterization of bovine mammary cells grown in tissue 
culture. C. R. Hoover, E. C. Hageman, K. E. EBNer, anp B. L. Larson, 
University of Illinois. 

Anterior pituitary tissue as a stimulator of mammary duct growth. R. P. 
Reece, New Jersey Agricultural Experiment Station. 

Experimental mammary gland growth. R. C. Moon, D. R. GrirrirH, anp 
C. W. Turner, University of Missouri. 

Effect of recurring pregnancy on mammary gland growth in mice. 
HirosH1 Wapa AND C. W. TuRNeER, University of Missouri. 

The effect of oxytocin injections upon the rate of milk flow in dairy cows. 
E. W. Hupp, W. W. Snyper, ann R. C. Lewis, Michigan State University. 
A comparison of the intravenous and subcutaneous injections of oxytocin 
in the lactating cow. B. N. PREMACHANDRA, G. W. PIPEs, AND R. von BERs- 
voRDT-WALLRABE, University of Missouri. 

Lactogenic hormone requirement for milk secretion. C. E. GROSVENOR, 


University of Missouri. 


11:00 a.m.—12 :00 m. 


PropucTION SECTION Business MEETING 
N. L. Jacopson, Chairman 


Animal Sciences Laboratory, Room 135 


11 :00 a.m.—12 :00 M. 


SECTION A. 
N. L. Jacospson, Chairman 


Animal Sciences Laboratory, Room 135 


00-2 :00 p.m. Invitational Paper: Critical Features of Good Dairy 


— 


Feeding Experiments. H. L. Lucas, North Carolina State College. 


Discussant: C. R. HENDERSON, Cornell University. 


2:00-5:00 p.m. Calf Nutrition 
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P26. The effect of five levels of animal fat in calf milk replacers. W. A. OLSON 
AND J. B. WinuiaMs, University of Minnesota. 

P27. Digestibility of milk fat by young dairy calf. C. W. Grimes anp K. E. 
GARDNER, University of Illinois. 

P28. Results of studies concerned with determining the minimum protein re- 
quirement of the very young calf. W. A. Harpison, C. G. Nosuirr, R. W. 
ENGEL, AND G. C. Grar, Virginia Agricultural Experiment Station. 

P29. Preliminary studies regarding the optimum protein level of milk replacers. 
C. A. Lassiter, R. M. Grimes, C. W. DuNcaAN, AND L. D. Brown, Michigan 
State University. 

P30. Effects of age and diet on the secretion of pregastric esterase in the calf. 
J. W. Youne, H. A. Ramsey, ano G. H. Wise, North Carolina State 
College. 

P31. Effects of non-fat milk solids and other compounds on the activity of pre- 

gastric esterase, liver esterase and pancreatic lipase. H. A. Ramsey, North 

Carolina State College. 

P32. Utilization of various carbohydrates by young calves. M. OKamoro, J. W. 
THomas, AND T. L. JoHnson, Dairy Cattle Research Branch, USDA, 
Beltsville, Maryland. 

P33. Utilization of various sugars by the young dairy calf. J. G. Veuu, K. E. 
GARDNER, AND K. A. KENDALL, University of Illinois. 

P34. The effect of administering several absorbable chemical compounds on the 
development of rumen papillae in the young dairy calf. E. G. SANDER, 
R. G. Warner, AnD J. K. Loosui, Cornell University. 

P35. The effect of various substances on the anatomical development of the 
rumen in the calf. H. Tamatre, A. D. McGiuuiarp, R. Gerry, anp N. L. 
JACOBSON, Lowa State College. 

P36. Influence of roughage quality upon rumen development in dairy calves. 
A. M. Smirx anp D. A. Sosprevinua, Vermont Agricultural Experiment 
Station. 

P37. Corn silage as the only roughage for dairy calves. W. R. MurRLEY aNnp 
R. D. Mocurig, North Carolina Agricultural Experiment Station. 

P38. Raising of dairy calves with limited amounts of milk. R. D. CuarK aNnpD 
F. W. Wuitina, Canada Department of Agriculture, Lethbridge, Alberta. 


1 :00—5 :00 P.M. 
Section B. Genetics 
G. W. TRIMBERGER, Chairman 
Bevier Hall, Room 180 
P39. Sex chromatin in the nuclei of bovine somatic tissues. D. R. LANG AND 
W. Hanseu, Cornell Unviersity. 











P40. 


P41. 


P42. 


P43. 


P44. 


P45. 


P46. 


P47. 


P48. 


P49. 


P50. 


P51. 


P52. 
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The inheritance of the 8-laetoglobulins in cow’s milk. R. D. PLowMan, 
R. E. Townsenp, C. A. Kippy, ano S. N. Timasuerr, Dairy Cattle Re- 
search Branch and Eastern Utilization Research and Development Di- 
vision, USDA. 

Evidence for genetic influence determining the composition of milk. R. G. 
Wasuesurn, L. O. GitMorE, AND J. M. TreEEcE, Ohio Agricultural Experi- 
ment Station. 


Evidence of inherited influences affecting casein vield and percentage as 
measured by the relationships to sire groups and cellular antigens. J. M. 
TreEEcE, L. O. Grumore, R. G. WasHBURN, AND N. S. FecHHEIMER, Ohio 
Agricultural Experiment Station and The Ohio State University. 
Relationship between certain factors and maximum daily milk production. 
J. M. Raxes, O. T. Stautucup, O. H. Horton, anp W. Girrorp, University 
of Arkansas. 

Some hereditary and environmental aspects of persistency of milk yield 
of Holstein-Friesians in Louisiana. Ceci. BRANTON AND G. D. MILLER, 
Louisiana State University. 

Associations of postpartum intervals with body weight loss, milk produe- 
tion and butterfat percentage to 90 days following calving. S. E. Margs, 
A. C. MENGE, AND W. J. Tyzer, University of Wisconsin. 


Relationship between milk production, body weight, and average daily 
gains to six months of age. E. W. Houtz anp R. E. Erp, State College 
of Washington. 


Effect of age at puberty, six month weight and calving weight on 90 day 
production in the first lactation of Holstein heifers. A. C. MENGE, S. E. 
Mares, W. J. TyLer, AND L. E. Castpa, University of Wisconsin. 


Variables affecting the ratio of total milk produced in 305 days to monthly 
milk production. R. C. Lams anp L. D. McGiuuiarp, Michigan State Uni- 
versity. 


Some effects of inbreeding with selection on milk yield and growth in milk 
goats. E. E. ORMISTON aND R. W. Toucuserry, University of Illinois. 


Effects of crossbreeding on milk and butterfat vield. R. W. ToucHBERRY 
AND F. N. Dickinson, University of Illinois and Dairy Husbandry Re- 
search Branch, USDA, Urbana, I]linois. 


Effect of age, season, stage of lactation, classifier, and year on type ratings 
of Holstein cows. C. J. Wiicox, K. O. Prav, R. E. MatruHer, anp J. W. 
BarTLETT, New Jersey Agricultural Experiment Station. 


Comparison of the type characteristics of naturally and artificially sired 
Holstein-Friesian cows in Ontario. J.C. RENNIE AND G. R. Barr, Ontario 
Agricultural College. 
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Heritabilities of type appraisal traits and their genetic correlations with 
production. L. D. Van Vueck, G. V. O’BLENEss, AND C. R. HENDERSON, 
Cornell University. 

Heritability and repeatability estimates of production and type of 
Guernsey cattle. E. R. Berouvsex, J. A. WHat ey, JR., R. D. Morrison, 
S. D. Muserave, anp W. R. Harvey, Oklahoma State University and Agri- 
cultural Research Service, Beltsville, Maryland. 

Expected genetic progress by progeny testing. C. R. HENDERSON, Cornell 


University. 


5 :00—6 :00 p.m. 


JOINT WITH EXTENSION SECTION 
Joint Committee Reports 
(See Extension Section) 


Animal Sciences Laboratory, Room 135 


3 :00-6 :00 P.M. 


PROGRAM SPONSORED BY ASSOCIATION’S EpUCATION COMMITTEE 
J. T. Lazar, Jr., Chairman 


Gregory Hall, Room 112 


Tuesday, June 16 


8 :00-10 :00 a.m. 


P56. 


P57. 


P58. 


P60. 


P61. 





Section A. General Physiology 

N. L. Jacospson, Chairman 

Animal Sciences Laboratory, Room 135 
Isotope dilution as a measure of acetate ‘‘pool’’ size, turnover time and 
endogenous acetate production. C. L. Davis, R. E. Brown, J. R. Stausus, 
AND W. QO. NELSON, University of Llinois. 
Water consumption in dairy cattle as influenced by environmental temper- 
atures and urine excretion. T. H. Kamau, H. D. JOHNson, AND A. C., 
RaGsDaLe, University of Missouri. 
Calcium and inorganic phosphorus levels in bovine serum and urine, fol- 
lowing dihydrotachysterol administration. K. A. KenpaLL AND K. E. 
HARSHBARGER, University of Illinois. 
Twenty-four hour 17-keto steroid excretion in the cow. W. F. WiILLiAMs, 
University of Maryland. 
Some blood changes following bilateral adrenalectomy in the bull calf. 
V. L. EsTerGrEEN, JR. AND N. L. VaNDeMaRK, University of Illinois. 
Comparison of methods of measuring thyroid function in dairy cattle. 
J. E. Jounston, G. A. Hinpery, W. T. BuRNEtTT, AND A. Guipry, Louisiana 


State University. 
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P63. 
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Efficiency of absorption of crystalline L-thyroxine and of thyroxine in 
thyroglobulin from the gastrointestinal tract of lactating cows. J. P. 
MIxNerR AND H. D. LeENNoN, Jr., New Jersey Agricultural Experiment 
Station. 


The effect of feeding L-thyroxine upon plasma protein-bound-iodine in 
lactating cows. E. W. SwANson AND A. F. McF re, University of Tennessee. 
The effeet of sudden changes in forage ration on thyroidal 1-131 release 
rate. J. H. VANDERSALL, J. W. Hipps, ano H. R. Conran, Ohio Agrieul- 
tural Experiment Station. 


8 :00-10 :00 a.m. 


P65. 


P66. 


P67. 


P68. 


P69. 


P tO: 


P71. 


P72. 


P73. 


Section B. Silage and Pasture 
G. W. TRIMBERGER, Chairman 
Bevier Hall, Room 180 


Dry matter losses in small stack silos as affected by covering techniques. 
J.C. DerBysHirE, C. H. Gorpon, ano J. R. McCaumont, Dairy Cattle and 
Agricultural Engineering Research Branches, USDA, Beltsville, Maryland. 


Some observations on stack silos sealed with plastic covers. D. L. Him, 
C. H. Nouuer, C. M. Brown, anp N. 8S. LuNpquist, Purdue University. 


Preservation losses in bunker, concrete stave and in elass-lined silos. H. H. 
VOELKER, South Dakota State College. 


Value of bacitracin as a preservative for grass silage on milk production. 
L. L. Rusorr, C. P. BREIDENSTEIN, AND J. B. Frye, Jr., Louisiana Agrieul- 
tural Experiment Station. 


Further comparisons of alfalfa hay and alfalfa silage for growing dairy 
heifers. J. W. THomas, Dairy Cattle Research Branch, USDA, Beltsville, 
Maryland. 


Effect of supplements on utilization of corn silage, oat hay, and coastal 
Bermuda hay rations. W. A. Kine, J. Lee, H. J. Wess, anp D. B. Roperick, 


Clemson College. 


Comparative value of forage sorghums and corn as silages for lactating 
cows. F. G. Owen, J. R. Kurken, anp O. J. Wesster, University of 
Nebraska. 


The interaction between spring pasture and grass silage when fed to dairy 
cows. J. K. Mitter, W. J. Miniter, anp J. L. Carmon, University of 


Georgia. 


A comparison of the performance of dairy cattle on continuously-grazed 
and strip-grazed pasture. A. M. Sommer, H. H. Ouson, A. REED, AND H. F. 
BENSON, Southern Illinois University. 








10 :15-— 


2 :00- 
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2:30 P.M. 
GENERAL Business MEETING OF THE ASSOCIATION 
K. L. Turk, Chairman 
University Auditorium 
4:30 P.M. 


SECTION A. 


JOINT WITH EXTENSION SECTION 


Symposium: Estimating the Energy Value of Feeds 
N. L. Jacosson, Chairman 


Animal Seiences Laboratory, Room 135 


The problem from the extension standpoint. L. R. FRyman, University of 


[ilinois. 


Merits and limitations of measuring and of estimating the energy contents 


of feeds. Max Kuerser, University of California. 

Methods of determining the energy value of feeds. W. P. Fuart, Dairy 
Husbandry Research Branch, USDA, Beltsville, Maryland. 

Use in feeding practice of existing information concerning energy me- 
tabolism. J. T. Rem, Cornell University. 


2 :00—4 :30 P.M. 


74. 


P75. 


P76. 
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P78. 
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Section B. Reproductive Physiology 
G. W. TrRIMBERGER, Chairman 
Bevier Hall, Room 180 


Effects of potassium nitrate on bovine semen production and various 
spermatozoan characteristics. J. D. Sikes, University of Missouri. 


The effects of various cooling methods on spermatozoan livability. A. F. 
McFeer, University of Tennessee. 


Gas-pressure technique for the preservation of bovine spermatozoa. R. H. 
KLIEWER AND F. B. Wouserea, Oregon State College. 


Use of egg yolk in skimmilk-glycerol] diluents to improve bovine sperm 


livability and simplify giycerolation. E. W. WickerRSHAM AND J. O. 
Aumquist, The Pennsylvania State University. 


Coconut milk citrate plus egg yolk as an extender for bovine sperm at 
low temperatures. C. NorMAN, H. 8. Min, I. D. PorTERFIELD, AND R. 8S. 
DuNBaAR, JR., West Virginia University. 


Reassessment of the ‘‘Pasteur effect’? in bovine spermatozoa. R. P. 


Scumipt, J. R. Loper, anp G. W. Sauissury, University of Illinois. 
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P84. 


P85. 
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Further studies on liquid nitrogen preservation of bovine semen. B. W. 
Pickett, R. A. JONES, AND W. A. Cowan, University of Connecticut, 
AND Paunt HELLER, New England Selective Breeding Association, Ine., 
Woodbridge, Connecticut. 

Prolonged maintenance of metabolically and functionally active bovine 
sperm at room temperatures. C. Norman, C. E. JoHnson, |. D. Porter- 
FIELD, AND R. 8S. DuNnBAR, JR., West Virginia University. 

The effect of promazine and chlorpromazine on the motility and fertility 
of bovine semen. R. H. Foorr, Cornell University. 

The production of epididymal-like ejaculated bovine spermatozoa. C. N. 
GRAVES AND G. W. Sauisspury, University of Illinois. 


:30 P.M. 

JOINT WITH EXTENSION SECTION 
C. F. Foreman, Chairman 
Superintendents of Official Testing 
Mumford Hall, Room 103 


:00 P.M. 
STUDENT AFFILIATES AND Facutty ADVISERS’ MEETING 
W. W. Snyper, Chairman 


Gregory Hall, Room 100 


u.—12:00 m. Wednesday, June 17 


SecTION A. General Nutrition and Management 

N. L. Jacosson, Chairman 

Animal Sciences Laboratory, Room 135 
Calcium and magnesium determination in bovine blood serum by versene 
titration. G. M. Warp, R. C. Linpsay, anp C. A. Vair, Colorado State 
University. 
Blood and exeretion leve!s of caleivm and phosphorus associated with 
varied mineral supplements fed. K. A. KenpaLL ANp J. H. Byers, Uni- 
versity of Illinois. 
Response of lactating cows to dextrin and sodium propionate fed in the 
concentrate. G. E. Hawkins, Alabama Polytechnic Institute. 
A proposed method for the analysis of forages. P. J. VAN SoEST AND 
L. A. Moore, Dairy Cattle Research Branch, USDA, Beltsville Maryland. 
Automatie recording equipment for use in energy metabolism studies 
with dairy cattle. W. P. Fuarr anp H. F. Rigurer, Dairy Cattle Re- 
search Branch, USDA, Beltsville, Maryland. 
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A comparison of possible primers for the determination of the gross 
energy of urine and high moisture materials. C. E. Coppock anp P. J. 
Van Soest, Dairy Cattle Research Branch, USDA, Beltsville, Maryland. 


The effect of three different levels of TDN intake upon body weight and 
milk production. H. L. Dauron, W. J. Miuuer, anp J. D. DonKer, Uni- 


versity of Georgia. 


Nutritive value of orchard grass as affected by level of nitrogen fertiliza- 
tion and stage of maturity. J. W. Brarzuer, E. Keck, Jr., L. F. Marriorr, 
AND J. B. Wasuko, Pennsylvania Agricultural Experiment Station. 


Nitrogen-fertilized orchard grass hay as compared to alfalfa for milk pro- 
duction. C. H. Ramageg, E. F. Oarinz, C. Epy, anp R. E. Matuer, Rut- 
gers Dairy Research Farm, Sussex, New Jersey. 


The nutritive value of reed canary grass hays grown under different levels 
of nitrogen fertilization. W. V. CHauupa, J. L. Cason, anp B. R. Baum- 
GARDT, Rutgers—The State University, New Brunswick, New Jersey. 
Effect of supplementing dry feed on the digestibility of succulent forages. 
J. M. Wine, University of Florida. 

The digestibility of alfalfa hay by dairy steers as influenced by calcium 
and phosphorus suppiements. J. H. Byers, University of Illinois. 
Digestibility of Beltsville first-cut forages as affected by date of harvest. 
E. A. Kane anp L. A. Moore, Dairy Cattle Research Branch, USDA, 
Beltsville, Maryland. 

Low-fat milk production from high level feeding of ammoniated dried 
beet pulp. G. M. Warp, Georce Vipacs, anp W. H. Paumer, Colorado 
State University. 

Effect of pelleting on rate of concentrate consumption by dairy cows. 
T. H. Buosser anp A. O. SHAw, State College of Washington. 
Observations regarding an unclean flavor in milk produced by feeding 
brome grass. C. F. Foreman, E. W. Birp, F. E. NELSON, anp W. 8. 
ROSENBERGER, Iowa State College. 

A standard for the evaluation of dairy herd management. P. L. KE.Ly, 
University of Nebraska. 

Study on the use of plastic hose for CIP milk pipelines. M. H. ALEx- 
ANDER AND E. E. Ormiston, University of Illinois. 


M.—12 :00 mM. 


Section B. Reproductive Physiology 


G. W. TRIMBERGER, Chairman 
Bevier Hall, Room 180 
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The influence of aeration upon phosphorous constituents, fruetose and 
lactate in bull semen incubated at 37° C. Joan Dixon anv M. H. EXLERs, 
State College of Washington. 

Effect of visible light on motility, life-span and respiration of bovine 
spermatozoa. C. NoRMAN, E. Go_pBere, C. E. JOHNSON, AND [. D. PorTER- 
FIELD, West Virginia University. 

Studies on sulfonamide inhibition of glycolysis by bovine spermatozoa. 
J. R. Lopee anp H. P. Brogutst, University of [linois. 

The production of carnosine by bovine spermatozoa. W. R. ANDERSON 
AND R. J. Fuipse, Pennsylvania Agricultural Experiment Station. 
Oxidation of fatty acids by bovine spermatozoa. R. J. Fuipse, Pennsyl- 
vania Agricultural Experiment Station. 

Spermatogenesis in bulls in relation to semen production. P. T. Cupps 
AND R. C. LaBen, University of California. 

Seasonal effects on apparent fertility of dairy bulls in the Southwest. 
M. A. BRown AND R. R. Harris, Texas A & M College. 

Preliminary life-expectaney estimates for desirable bulls in artificial 
service. R. B. BecKER AND P. T. Drx ARNoLp, Florida Agricultural Ex- 
periment Station. 

The influence of progesterone on body temperature of spayed cows. T. R. 
WRENN, JOEL BITMAN, AND J. F. Sykes, Dairy Cattle Research Branch, 
USDA, Beltsville, Maryland. 

Effect of injected progesterone on corpus luteum function in cattle. R. G. 
Loy, R. G. ZIMBELMAN, AND L. E. Castpa, University of Wisconsin. 

The routine determination of progestins in bovine ovaries. F. StTrRom- 
SHAK, J. GORSKI, AND R. E. Erp, State College of Washington. 

Induction of lactation in the bovine; 90 versus 180 day progesterone- 
estrogen treatment. H. H. Ou_son anp J. R. Davis, Southern Illinois 
University. 

Water and electrolyte concentration and distribution in cow uteri. H. W. 
Hawk, Joe. Birman, HELENE CeciL, J. N. WintBank, J. Bonpb, AND 
J. F. Sykes, Dairy Cattle and Beef Cattle Research Branches, USDA, 
Beltsville, Maryland. 

Quantitative measurements of estrogens in bovine placental cotyledons. 
E. L. VEENHUIZEN, AND J. GoRSKI, State College of Washington. 
Further studies on the regulation of the bovine estrous cyele by oxytocin 
injections. WILLIAM HaNnse., Cornell University. 

A comparison of three methods of assay for urinary estrogenie substances. 
D. W. Neutson, K. O. McDovce.tL, anp E. P. Situ, Montana State 


College. 
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P118. Methods of managing postpartum anestrus in dairy cows. Victor Hurst, 


South Carolina Agricultural Experiment Station. 


P119. Postpartum regression of bovine caruncles. G. B. Marion 
Girr, Kansas State College. 


1 :00—3 :00 P.m. 
JOINT SESSION WITH EXTENSION SECTION 
Symposium: Improving Dairy Cattle by Breeding 
N. L. Jacopson, Chairman 
Animal Sciences Laboratory, Room 135 


Current Status and Outlook. J. L. Lusu, lowa State College. 
Discussant: W. J. TyLer, University of Wisconsin. 


Progeny Testing Methods in Europe. Ivar JoHaNsson, Royal Agricul- 
tural College of Sweden (GrorGe A. MILLER Visiting Professor, Uni- 


versity of [llinois). 


Diseussant: N. D. Bay.ey, Breeding and Management Section, USDA, 


Beltsville, Maryland. 


EXTENSION SECTION 


8 :00—10 :30 a.m. Monday, June 15 


Dairy Records 
D. E. VoreLKer, Chairman 
Mumford Hall, Rooms 422-30 


El. A demonstration of the TeSa reagent butterfat test kit. B. 


Technical Industries, Fort Lauderdale, Florida. 


> 


E2. A progress report on the TeSa reagent test for butterfat. R. G. WASHBURN, 


Ohio Agricultural Experiment Station, Wooster. 


E3. The accuracy and usefulness of central processing DHIA feed records. 


J. D. Burke, Cornell University. 


E4. The proposed DHIA record plan. J. F. Cavanaven, Columbus, Ohio. 


10:30 a.m.—12 :00 Mm. 
EXTENSION SECTION Business MEETING 
L. A. JoHnson, Chairman 
Mumford Hall, Rooms 422-30 


Report of the Dairy Records Committee 
D. E. VoeLKer, Chairman 
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Report of the 4-H Club Committee 
C. C. Otson, Chairman 


Report of Teaching Methods Committee 
L. R. Fryman, Chairman 


Report of the Resolutions Committee 
C. H. Parsons, Chairman 


1 :30—4 :30 P.m. 
Teaching Methods 
L. R. Fryman, Chairman 
Mumford Hall, Rooms 422-30 
E5. A nationwide dairy record-keeping campaign. R. E. Bur Eeson, Federal 
{xtension Service, USDA. 
E6. Visuals—good, bad and indifferent. HapLry Reap, J. H. BEHRENS, AND 
J. C. Everty, University of Hlinois. 
Presentation and Discussion of Exhibits 
5 :00-6 :00 p.m. 
JOINT WITH PRODUCTION SECTION 
Joint Committee Reports 
N. L. Jacospson, Chairman 
Animal Sciences Laboratory, Room 135 
Breeds relation. C. F. ForEMAN, Iowa. 
Dairy cattle breeding. H. W. Carter, New York. 
Dairy cattle type. R. ALBRECTSEN, New York 
Dairy cattle health. W. A. Kine, South Carolina 


5 :00-6 :00 p.m. 
Program Sponsored by Association’s Education Committee 
J. T. Lazar, Jr., Chairman 


Gregory Hall, Room 112 


8 :00-10 :00 A.a. Tuesday, June 16 


4-H Program. Relationship of Feeding Levels and Growth to Production. 
C. C. Otson, Chairman 
Mumford Hall, Room 422-30 
E7. The Penn State forage testing service. R. S. Apams, J. W. BrRarzLeR AND 
J. E. Taytor, The Pennsylvania State University. 
E8. Influence of plane of nutrition during early life upon the performance of 
dairy cows. J. T. Rei, Cornell University. 
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E9. 


10:15 a.m.-12:15 p.m. 


2 :00—4 :30 P.M. 


4 :30—5 :30 P.M. 


4 :30-6 :00 P.M. 


8 :00-9 :30 a.m. 


E10. 


10 :00 a.m.—12 :00 M. 


E11. 


E12. 
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Field observations and data on the effect of body weight on the production 
of dairy heifers. R. S. Apams anp L. W. Specut, The Pennsylvania 


State University. 


General Business Session of Association 
K. L. Turk, Chairman 


University Auditorium 





Jornt WitH PRODUCTION SECTION 
Symposium : Estimating the Energy Value of Feeds 
(See Production Section ) 


Animal Sciences Laboratory, Room 315 


Joint WitH PRrRopuctTION SECTION 

Meeting of Superintendents of Official Testing 
C. F. Foreman, Chairman | 
Mumford Hall, Room 103 


Student Affiliates and Faculty Advisers’ Meeting 
W. W. Snyper, Chairman 
Gregory Hall, Room 100 





Wednesday, June 17 
Joint WitH MANUFACTURING SECTION 
Automation in Dairy Cattle Feeding 

South Lineoln Avenue Barns 


Automatic dairy feeding unit. GENE C. SHOVE aNp K. E. HARSHBARGER, 
University of Illinois. 


Joint With MANUFACTURING SECTION 
Automation on Dairy Farms 
C. W. Nispuer, Chairman 


Mumford Hall, Rooms 422-30 


Economie aspects of automation on the dairy farm. R. N. Van ARSDALL, 
Farm Economics Research Division, ARS, USDA, Urbana. 


Cow pools. F. J. ARNOLD, lowa State College. 
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1 :00—3 :00 P.M. 
Jomnt With PrRopUCTION SECTION 
Symposium : Improving Dairy Cattle by Breeding 
N. L. JAcoBson, Chairman 
Animal Sciences Laboratory, Room 135 
Current Status and Outlook. J. L. Luss, lowa State College. 
Discussant: W. J. TyLer, University of Wisconsin. 
Progeny Testing Methods in Europe. Ivar JOHANSSON, Royal Agricultural 
College of Sweden (GrorGE A. MILLER Visiting Professor, University of 
Illinois). 
Discussant: N. D. BayLey, Breeding and Management Section, USDA, 
3eltsville, Maryland. 
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Dairy Processors who 
demand the finest 

attest the high quality of 
Nestlé’s Cocoas Granules 
and Liquors. 


PETER’S: RUNKEL’S NESTLEs 


THE NESTLE COMPANY, INC. 


WHITE PLAINS, N.Y. 
































BRUCELLA 


Isolation, Cultivation 
and Differentiation 


BACTO-TRYPTOSE 


is the peptone of choice in the 
preparation of both liquid and solid media for culturing Brucella 
abortus, melitensis and suis and supplies the nutriments required by 
these organisms for rapid and abundant growth. 


BACTO-TRYPTOSE BROTH 


is a complete liquid 
medium for culturing the Brucel/a and is especially adapted to the 
isolation techniques recommended by Huddleson and Castaneda. 


BACTO-TRYPTOSE AGAR 


supersedes media previ- 
ously employed for the isolation and cultivation of the Brucella. 
This medium serves idealiy for the primary or secondary isolation 
of Brucella, for the differentiation of species and for vaccine or 
antigen production. It is also recommended for use as the solid 
phase in the Castaneda technique. 


THE DIFCO MANUAL, NINTH EDITION, 
including descriptions of these media and their use, 
is available on request. 


Specify DIFCO —the trade name of the pioneers in the research 
and development of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 








